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PREFACE  TO  THE  FIBBT  EDITION. 


Thb  methocb  of  extracting  the  metas  from  their  ores  are  so 
^lemely  varied  that  it  woiild  beimpodble  to  comprise  them  all 
within  the  limits  of  a  single  vokime  ;  be  more  important  pro- 
i  have  therefore  been  selected. 


In  describing  these,  the  necessary  faci  have  been  presented  to 
the  student  in  the  order  in  which  a  knowldge  of  them  is  required ; 
the  crude  ores  being  traced  from  the  mies  in  whidi  they  occur 
through  the  various  mechanical  and  letallurgic  elaborations 
which  they  subsequently  undergo  before  ^le  metal  is  obtained. 

t 
The  student  of  metallurgy  should  bemabled  to  distinguish, 

by  their  crystallographic  as  well  as  by  tbr  chemical  characters, 

all  the  more  frequently  occurring  ores,  and  i  familiarly  acquainted 

with  the  composition  and  properties  of  thearious  fuels  employed 

in  frimace  operations. 

With  a  view  to  facilitate  the  acquiremt  of  this  knowledge, 
a  short  chapter  on  crystallography  has  In  introduced,  whilst 
another  has  been  devoted  to  natural  and  aificial  friels. 


vii  PKErACI/  TO  THE  7IKST  EDITION. 

The  information  whic  h  has  been  given  on  the  important  sub- 
ject of  Assaying  will,  it  is  hoped,  sufficiently  supply  a  want  which 
has  been  long  felt  in  this  country. 

In  the  preparation  of  this  volume,  the  works  of  Dufrenoy, 
Begnault,  Berthier,  Kmfyp,  Scheerer,  Le  Play,  Eammelsberg, 
Lampadius,  Dana,  Karstin,  and  Heron  de,  Yillefosse,  have  been 
consulted.  Other  authos  whose  works  have  been  used  will  be 
found  specially  mentionec  in  the  text. 

As  a  former  pupil  of  tie  first-named  mineralogist,  I  have  em- 
ployed in  a  condensed  fom  the  system  of  ciystallography  adopted 
in  his  valuable  work  on  iiat  subject,  from  which  have  been  taken 
the  greater  portion  of  the  diagrams  relating  to  the  laws  of 
crystallisation. 

The  other  illustratioB  are  either  original,  and  have  been  drawn 
expressly  for  the  preset  Treatise,  or,  when  relating  to  foreign 
methods,  have  been  adpted  from  French  and  German  books  in 
which  the  subjects  are  veil  represented. 


8,  Uppbr  Stamtobd-Strv, 
April,  1852. 


PREFACE  TO  THE  SECOND  EDITION. 


The  rapidity  with  which  the  former  Edition  of  the  *'  Manual  of 
Metalhirgj"  has  been  exhausted,  sufficiently  proves  that  such  a 
treatise  was  required  by  those  who  are  engaged  in  metal  manu- 
£M*tare  or  mining  operations. 

In  preparing  the  present  Edition  for  the  press,  the  original 
order  of  arrangement  has  been  retained — since  it  has  been  found 
useful  as  a  course  for  study,  and  easy  as  a  system  for  reference. 

The  greatest  attention  has  been  devoted  to  this  Edition,  to 
ensure  correctness  in  each  scientific  detail  and  manipulation,  and 
in  every  practical  result. 

The  process  for  the  purification  of  Tin,  and  the  European  pro- 
cess of  Amalgamation,  are  both  new  and  important. 

The  object  has  been  to  render  this  Manual  a  useM  standard 
of  reference  alike  to  the  student  and  manufiacturer. 


LosDOH,  Hay,  1854. 
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Adit  level,  in  mines,  104. 
AlodeDes  (euthen  pipes),  460. 
Amalgamation  -  mill    (gold,)    of    the 

Tyrol,  682. 
Attaying  apparatus  for  silver  in  the 

Ftoidi  Mint,  543,  545. 
Balance,  hjdroetatic,  87. 
Band  need  in  the  amalgamation  of 

silver,  550,  551. 
Bbnring  madiine  for  fimiaces,  233. 
Bo^  arjiaat  for  modding,  260. 
Carbooizatbnaf  charooalinheaps,  146. 
Casks  used  in   the   amalgamation  of 

aher,  551. 
Catalan  targe,  hearth  of,  298. 
Coking  in  moands,  162. 
Cradhle  lined  with  brasque,  218. 
Crucible  for  the  assay  of  galena,  478. 
Crashing  rollerB,  109. 
Cube,  53,  55. 
Cube  with  faoette,  56. 
Cupel  for  extracting  silver  from  lead, 

484, 
Capelmocdd,  491. 
IMagram  to  Ulustrate  the  measurement 

of  oyatals,  79. 
DodfJcahfldTpn,  twojffures^  57. 
Flatting  MD],  9. 

Fofge,  German,  for  iron-refining,  272. 
FmnaoB,  duorring;  plan  and  section  of; 

149. 
Furnace,  coking;  at  Rive  de  Gier,  169. 

(jSeeOvBDA.} 
Fnniaoe  for  aaaaying  iron  ores,  212. 
Foniaoe,  blaust,  for  hon  smelting,  228. 
Fnnace,  hot-blast,  232. 
VWnaoe,  cupola,  for  melting  iron,  267. 
Furnace,  Knglishi  for  iron-refining,  280, 

281. 
Foiaaoe,  poddliog;  vertical  section  and 

gromid  plan,  283. 
Fvnaoe,  vuD,  292. 
Fvaaoe  for  prq>aring  steel  by  cemen- 

tatkn,  305. 


Fumaoe,  roasting,  for  copper^  352. 
Furnace  for  fusing  roasted  copper  ores, 

355. 
Fumaoe  for  smelting  Manafeld  schist, 

370. 
Furnace  for  smelting  Manafeld  schist, 

hearth  of;  371. 
Furnace,  sweating,  for  copper,  375. 
Fumaoe,  reverberatory,  for  tin-smelting, 

402. 
Furnace,  blast,  of  Erzgebiige,  407, 408. 
Furnace,  English,  for  Uie  preparation  of 

zhic,  420. 
Furnace  for  the  preparation  of  zinc  at 

the  VieOle  Montagne,  423. 
Furnace,  SUesian,  for  zinc,  427. 
Furnace  for  the  treatment  of  the  sul- 
phide of  antimony,  445. 
Fiunace,  aludelle,  of  Almaden,  460. 
Furnace  for  mercury  in  the  Duchy  of 

Deux-Ponts,  with  cucurbits,  461. 
Fumaoe  for  extraction  of  mercury  at 

Landsberg,  with  retorts,  462. 
Furnace  for  cnpellatdon  of  lead,  484. 
Furnace  for  the  metallurgic  chemist, 

488. 
Fumaoe  for  the  smelting  of  lead  em- 
ployed hi  Great  Britain,  492. 
Furnace  for  the  calcination  of   lead, 

496. 
Fumaoe  for  the  refining  of  silver,  503, 

504. 
Furnace,   Scotch,    or    ore    hearth    for 

smelting  lead  ores,  508. 
Fumaoe  for  lead-smelting  at  Clausthal, 

516. 
Fumace,  German,  for  cupeUation,  519, 

520. 
Gallery,  timbered  on  all  sides,  107. 
Gallery,  timbered  on  three  sides,  107. 
Gallery,  timbered  on  two  sides,  107. 
Gallery,  timbered  to  support  the  roof, 

107. 
Gallery,  a  sloping,  108. 
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Gold-assaying  flask,  587. 
(roniometer,  76. 
(Toniometer,  Wolkston's,  77. 
Hammer   for  oonsoUdating  the  loupe 

in  refining,  275. 
Hammer,  ring  of,  276. 
Hammer  for  drawing  lopins  into  bars, 

277. 
Hammer  for  compressing  paddled  balls, 

286. 
Hearth  for  liquation  process,  874. 
Hearth,  German,  for  refining  copper, 

377. 
Hearth  of  Catalan  Foige,  298. 
Heating  apparatus  for  hot  bhist,  253. 
Heating  apparatus  by  waste  heat,  256. 
Hexatetrahedron,  57,  58. 
Hud  Crofty  copper  mine,  108. 
H3rdraulic  pipe  press,  lead  manufac- 
ture, 524. 
Iron  moulding  apparatus,  264. 
Iron  pyrites,  crystals  o^  203. 
Ladle  for  melted  bon,  269. 
T^le  used  in  refinmg  lead,  500. 
Lead  melting-pot,  265. 
Lead  pots,  Pattinson's,  499. 
Meiler  or  mound  of  charcoal,  142. 
Moulds  of  cast-iron  for  the  assay  of 

lead  ores,  479. 
Muffle  used  in  cupellation,  485. 
Nicking-buddle,  118. 
Octahedron,  65. 
Octahedron,  regular,  56. 
Octahedron,  transposed,  60. 
Octahedron  with  rectangular  base,  64. 
OctakishexAhedion,  59. 
OU-bath,  38. 

Ovens  for  coking,  164,  165. 
Pan  for  gold-wadiing,  574. 
Pentagonal  dodecahedron,  60. 
Percussion  table,  117. 
Polyhedrons,  208. 
Press,  hinged,  for  compressing  puddled 

baUs,  287. 
Prism,  rhomboidal,  51. 
Prism,  surmounted  by  a  bevelment,  53. 
Prism,  six-sided,  regular,  53. 
Prism,  right  square,  61,  62,  63. 
Prism,  eight^sided  symmetrical,  63. 
Prism,  (zircon),  63. 
Prism,  right  rhombic,  64. 
Prism,  four-sided,  64. 


Prism,  six-aded,  64,  66,  70. 

Prism,  eigfat'-sided,  64. 

Prism,  six-sided,  66. 

Priffln.  oblique,  67. 

Prisms,  oblique,  with  bevehnents,  68. 

Prism,  oblique,  with  symmetrical  be- 

velments,  69. 
Prism,   oblique,   with    bevelments    of 

difiRarent  inclinations,  70. 
Prism,  deformed,  70. 
Rack  for  washing  ore,  120. 
Retort  for  dry  distillation  of  wood,  158. 
Retort,  SUesian,  for  zinc-smelting,  427. 
Retorts  used  in  the  preparation  of  bis^ 

muth  at  Schneeberg,  433. 
Rhombohedron,  65,  66,  200. 
Roastmg-kiln  at  Idria,  458. 
Roughing-roUers,  290. 
Rollers  for  the  manufEurture  of  sheet 

lead,  524. 
Scalenohedron,  66,  67. 
Scrapers  for  moulding,  264. 
Shears  for  cutting  bars  of  puddled  iron, 

291. 
Shells  replaced  by  iron  pyrites,  75. 
Shield  for  assaying  funuuces,  214. 
Sleeping  Tables,  116. 
Slitters,  or  cutUng-roIlerB,  294. 
Specific  gravity  bottle,  88. 
Spout,  of  copper,  used  in  assaying  lead 

ores,  478. 
Stamping-mil],  110. 
Strata,  locations  of,  100. 
Stratification,  discordant,  91. 
Stratification,  discordant,  filled  up  by 

new  beds,  93. 
Tongs  for  assaying  furnaces,  213,  214. 
Tongs  used  in  cupellation,  485. 
Trapezohedron,  twojigwes^  58. 
Tube  for  the  estimation  of  mercury, 

455. 
Tuyeres    and   pipes,  arrangement  of, 

for  blast  furnace,  230. 
Tuyeres  and  water-pipes,  232. 
Tuyeres  of  German  forge,  273. 
Tyrol  gold  amalgamating  mill,  582. 
Valley  produced  by  the  action  of    a 

current  of  water,  92. 
Uralian  gold-washing  apparatus,  579. 
Uralian  gold-washing  trough  580. 
Washing  apparatus,  113. 
Water^blowhig  machine,  296,  297. 


METAILURGT. 


INTBODUCTIOKT. 


A  EirowLEBGB  of  the  more  oommon'  metals,  and  the  means  of 
extracting  them  from  their  ores,  was  probably  coeval  with  the  first 
fatmation  of  civil  oonmiunitieB,  and  long  prior  to  the  invoition  of 
written  characters,  or  any  other  method  of  transmitting  to  pos- 
terity the  memory  of  past  events;  and  we  are  consequently 
without  information  relative  to  the  period  at  which  mankind 
&st  commenced  this  species  of  industry,  or  the  steps  which  first 
fed  to  the  diseov^  of  a  class  of  bodies  now  become  so  necessary 
to  oar  daily  wants. 

We  have,  however,  sufficient  reasons  for  bdieving  that  the 
ntediluvianB  were  well  acquainted  with  these  arts,  and  that  they 
were,  in  all  probability,  extensively  practised  at  a  veiy  early  period. 

In  the  daya  of  Moses,  at  least  six  metals  were  in  common  use, 
as  they  are  distinctly  mentioned  as  forming  part  of  the  spoils  of 
&  MidianitcB,  who  appear  to  have  possessed  them  in  considerable 
alrandanoe. 

Among  the  ancient  Greeks  and  Bomans,  Metallurgy  was  eulti- 
YBted  to  so  great  an  extent,  that  many  of  their  productions, 
altJioagh  made  at  an  infinitely  greater  expense  of  time  and  labour, 
ii«  scMcely  to  be  surpassed  hy  the  most  skilful  artists  of  the 
present  day,  aided  by  the  numerous  inventions  of  modem  times. 

Of  the  state  of  this  science  in  Europe  prior  to  the  commence- 
ment ci  the  sixteenth  century,  little  is  at  present  known ;  for 
itthough  the  metals  wore  doubtless  extracted  in  considerable 
qiUBit^eB  no  books  on  the  subject  had  yet  appeared;  and  we 
«B  consequraitly  more  indebted  for  information  to  the  various 
lanains  of  ancient  foundries  which  have  been  discovered,  than 
to  any  written  treatise. 
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In  the  year  1530,  Geor^us  Agricola,  a  G^noan  physiciaQ, 
published  his  twelve  books  De  Re  MeUdUca;  and  although  one 
or  two  works  on  metals  had  already  appeared  in  the  German 
language,  and  one  in  Italian,  he  may  justly  be  considered  the  first 
author  who  gave  a  clear  and  correct  description  of  the  various 
processes  employed  in  this  branch  of  chemical  science. 

Lazarus  Erckem,  Assay-Master-General  to  the  empire  of  Ger- 
many, followed  Agricola  in  the  same  pursuit,  and  in  1574  published 
a  work  at  Prague,  of  which  an  English  translation,  by  Sir  John 
Pettus,  came  out  in  1683.  Since  that  time  numerous  treatises  on 
this  subject  have  appeared  in  almost  every  European  language, 
and  Metallurgy  has  rapidly  risen  to  that  prominent  position  among 
the  useM  arts  which  it  holds  at  the  present  day. 

The  ancients  were  acquainted  with  seven  metals,  and  these  they 
designated  by  the  names  of  the  planets,  and  represented  by  sym- 
bols supposed  to  have  some  mysterious  allusion  to  those  bodies. 

Gold  was  called  the  Sun,  and. thus  represented   ....  0 

Silver     ....     Moon D 

Mercury     .     .     .     Mercury 5 

Copper  ....    Venus $ 

Iron Mars g 

Tin Jupiter If 

Lead      ....     Saturn ii 

Zinc,  as  a  metal,  was  not  anciently  known,  although  advantage  had 
been  taken,  some  time  prior  to  the  Christian  Era,  of  the  property 
possessed  by  its  ores  of  converting  copper  into  brass  (Quarterly 
Journal  of  the  Chemical  Society,  October,  1851).  Zinc  is  first 
mentioned  by  Paracelsus,  who  died  in  1541.  Bismuth  is  described 
in  the  Bermannus  of  Agricola,  written  about  1830.  Antimony  was 
discovered  by  Basil  Valentine  towards  the  close  of  the  fifteenth 
century.  Arsenic  and  Cobalt  are  first  mentioned  by  Brandt  in  1733 
(Acta  UpaoL  1733  and  1742) ;  but  their  ores  had  been  known 
long  before.  Platinum  was  first  recognised  as  a  new  metal  in 
1741,  by  Charles  Wood,  Assay-Master  in  Jamaica  (Phil.  Trans, 
vol.  xliv.)  In  1751  Cronstedt  showed  that  Nickel  was  a  distinct 
body  (Stockholm  Trxms),  Manganese  was  first  obtained  by  Ghan 
in  1774  (Bergman's  Opuscula,  vol.  ii.);  and  Tungsten  was  dis- 
covered by  M.  Belhuyart  in  1781  (Memoires  de  Toulouse). 
Tellurim  and  Molybdenum  W  MuUer  and  Hiehn  in  1782  (Orell's 
Annals^  1790  and  1798) .  Uranium  by  Klaproth  in  1789,  Tita- 
nium by  Gr^or  in  the  same  year  (Joum.  de  Phys.  xxxix.)  Chro- 
mium by  Vauquelin  in  1797  (Ann.  de  Chmie^  vol.  xxv.)  Colum- 
bium  was  discovered  b^Hatchett  in  1802  (Phil.  Trans.)  Palladium 
and  Bhodium  were  discovered  by  Wollaston,  and  Iridium  and 
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Osmiam  by  Tennant,  in  1803  (PhU  Trans,)  Cerium  was  an- 
nounced in  the  following  year  by  Hisinger  and  Berzelius  (Gehlen^s 
Jmamdl),  Davy,  in  1807,  by  the  aid  of  the  galvanic  battery, 
discovered  Potisium  and  Sodium,  and  afterwards  succeeded  in 
establishing  the  metalHc  nature  of  Barium,  Strontium,  and  Cal- 
cium. Lithium  was  discovered  in  1818,  by  Arfwedson ;  Cadmium 
in  the  same  year  by  Stromeyer ;  Zirconium,  in  1824,  by  Berzelius ; 
Aluminum,  Glucinum,  and  Yttrium,  by  Wohler,  in  1828.  Tho- 
rium was  discovered  by  Berz^us  in  1829  (Pogg,  Arm,) ;  Magne- 
sium by  Bussy,  in  the  same  year ;  Vanadium  by  Seftstrom,  in  1830 
(Arm,  Ch,  et  PL  xlvi.)  ;  Lanthanum  by  Mosander,  in  1838  (Pogg^ 
Ann,)  In  1841,  Didymium  was  discovered  by  the  same  chemist 
(Pogg,  Ann.  504) ;  and  in  1843  he  announced  two  other  new 
meteJs, — ^Erbium  and  Terbium  (Ann.  Pharm,  ilviii.  219.)  Buthe- 
nium  was  discovered  by  Kalus  in  1844 ;  Pelopium  and  Niobium 
by  H.  Bose  in  1845.  Finally,  Norium,  a  metal  of  which  little  is 
as  yet  known,  was  announced  in  1849  by  Svanberg  (Pogg,  Ann. 
Ixv.  317). 
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PHYSICAL  CHARACTEES  OF  THE  METALS. 

Thb  metals  are  a  class  of  sunple  substances,  possessed  of  a 
peculiar  lustre,  having  the  property  of  conducting  heat  and 
electricity  with  great  fiicility;  but  both  in  their  chemical  and 
physical  propertLoi  they  differ  very  much  from  each  other,  and  are 
consequently  applicable  to  a  great  variety  of  uses. 

Those  at  present  known  amount  to  fif^-one  in  number,  and  are 
enumerated  in  the  following  taUe,  with  their  equivalent  numben 
and  symbols  annexed. 

TABLB   OF  KXTALS. 


1.  Alnrniiniin 

2.  Antimony  (Stibium) 

8.  Arsenic 

4.  Bariom 

6.  Bismufh 

6.  Cadmium 

8.  Cerium 

9.  Chromium 

10.  Cobalt 

11.  Copper  (Cuprum)     .     . 

12.  Didjmium      .... 

13.  Erbium 

14.  Glucinum 

15.  Qold  (Aurum)     .    .    . 

16.  Ilmenium 

17.  Iridium 

18.  Iron  (Ferrum)    .     .     . 

19.  Lanthanum    .... 

20.  Lead  (Plumbum)     .    . 

21.  Lithium 

22.  Magnesium     .... 

Symbob. 

£4jlUVueDttk 

Hydngtnrx  1 

OxT.  =  100 
H.    =   12-6 

Al 
Sb 
Ab 
Ba 
Bi 
Cd 
Ca 
Ce 
Cr 
Co 
Cu 
Di 
Er 
Gl 
Au 

n 

Ir 

Fe 

Ln 

Pb 

Li 

Mg 

18-69 
12908 
7500 
68-64 
70-95 
56-74 
2000 
4600 
28-15 
29-52 
31-66 

26-50 
98-83 

98-68 
2800 
48-00 
103-56 
6-43 
12-67 

17117 
1612-90 
937-50 
858-01 
886-92 
696-77 
250-00 
57500 
351-82 
368-99 
895-70 

331-26 
122916 

1233-50 
850-00 
60000 

1294-50 

80-37 

158-35 
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28.  Manganese     «    .    .    • 

24.  Meroory  (Hydiw^iyrtun) 

25.  Mnlybdenum .     ^     .     . 

26.  Nickd 

27.  Niobium 

29.  Osmium 

80.  Palladium ..... 

81.  Pelopiuiti  .     .     .     .     ; 

82.  Plfttmum  *    .     .     .     . 
38.  PotaBdum  (Katiiim)    . 

84.  Bhodium 

85.  Buthenium     .... 

86.  SOicium 

87.  Silver  (Argentum)  .     . 

88.  Sodium  (iN  alTonium)    . 

89.  Strontium 

40.  Tantalum  or  Celumbium 

4L  Tellurium 

42.  Terbium 

48.  Thorium 

44.  Tin  (Stamium)    .     .     . 

45.  Titanium 

46.  Tungsten  (Wolfram)    . 

47.  Uranium    *     ...     * 
46.  Vgnadiutft «     •    »    .    . 
4».  Ttttiaai    ..... 

SO.Zmc 

51.  ^reomuza       .... 

Symbols. 

Hydro(tan=.l 

Oxjr.  =  100   ' 

H.  ^=-    i«-i 

Mb 
Mo 

m 

Kb 
Nr 
On 
Pd 

Pp 

Ft 

K 

B 

Bu 

Si 

^ 

Sr 

Ta 

To 

Tr 

Th 

Sn 

Ti 

W 

U 

T 

T 

Za 

Zr 

27-67 

100-07 

47-88 

29-57 

99-56 
53-27 

98-68 
89-00 
62-11 
6211 
21-36 
10800 
22-97 
43-84 
92-30 
66-14 

69-59 
68-82 
24-29 
94-64 
60-00 
68-65 
82-20 
82-62 
88-62 

845-90 

1250-90 

698-52 

869-68 

1244-49 
666-90 

1288-80 
487-60 
681-89 
661-39 
266-82 

1350-00 
287-17 
648-02 

1153-72 
801-76 

744-90 
785-24 
303-66 
118300 
750-00 
866-89 
402-51 
406-69 
420-20 

These  may  be  divided  into  two  classes  or  divisions.  The  first 
class  conskts  of  those  wbicli  have  so  great  an  aflSnitj  for  oxygen 
that  they  oombine  with  it  at  the  ordinary  temperature  of  the 
atmosphere,  and  become  rapidly  oxidised,  even  when  protected 
from  the  ii^uence  of  moisture,  and  are  consequently  never  used 
a  the  arts  in  an  uncombined  state.     Such  i 


Potaasium 

Calcium 

£rbium 

Thorium 

oodiiun 

Magneflmm 

Terbium 

Cerium 

Lithium 

Sihcram 

(xiucin'ttin 

LanthantDtu 

Barimn 

A  111  flWfttt  Tjt 

Ziroofiium 

Didymium 

Diraiitilll& 

ittnnm 

Norium 

6  PHYSICAL  0HABACTEB8  OF  THE  HXTALSw 

Those  of  the  above  metals  which  have  been  applied  to  usefbl 
purposes  are  either  employed  in  combination  with  other  simple 
substances,  or  united  with  acids  in  the  form  of  salts,  and  in  this 
state  Aumish  the  arts  with  a  most  valuable  series  of  compounds. 
Thus,  those  in  the  first  part  of  the  series,  when  associated  with 
oxygen,  severally  yield  potash,  soda,  baryta,  strontia,  lime,  mag- 
nesia, and  alumina,  which,  either  in  their  uncombined  state,  or 
united  with  acids,  forming  salts,  are  of  hourly  application  to  our 
wants.  The  other  metals  of  this  class  have  not  hitherio  been  use- 
ftilly  applied,  which  arises  from  the  circumstance  that  some  of 
them  do  not  occur  in  sufficient  abundance  to  admit  of  their  advan- 
tageous treatment,  whilst  the  preparation  of  others  is  attended 
with  great  expense,  and  they  are  therefore  replaced  by  bodies 
which  allow  of  being  manu&ctured  at  a  cheaper  rate. 

The  second  class  consists  of  those  metals  which  have  so  slight 
an  affinity  for  oxygen  as  to  be  but  little  affected  by  it  at  ordinary 
temperatures.    These  are-^ 


Gold 

Antimony 

Iridium 

Silver 

Arsenic 

Buthenium 

Copper 

Cobalt 

Osmium 

Iron 

Nickel 

Titanium 

Manganese 

Chromium 

Columbiiun 

Mercury 

Tungsten 

Niobium 

Tin 

Molybdenum 

Umemum 

Lead 

Vanadium 

Pelopium 

Zinc 

Platinum 

Uranium 

Cadmium 

Palladium 

Bismuth 

Khodium 

The  metals  belonging  to  this  class  are  extremely  numerous,  but 
in  order  to  render  them  extensively  applicable  in  an  uncombined 
state  it  is  necessary  they  should  fulfil  certain  physical  conditions, 
without  which  they  will  be  of  little  value. 

In  the  first  place,  they  must  possess  a  certain  tenacity  and 
malleability,  without  whichit  would  be  impossible  to  manufacture 
them  into  the  various  forms  which  they  are  constaiitly  required 
to  assume.  It  is  also  important  that  tiie  ores  firom  which  they 
are  obtained  should  be  found  in  considerable  quantities,  and  that 
the  extraction  of  the  metals  should  not  be  attended  with  any 
extraordinary  difficulty  or  expense,  otherwise  they  could  only  be 
employed  for  special  purposes  for  which  others  were  unfitted,  and 
coidd  therefore  never  come  into  general  use. 

The  more  brittle  metals  are  seldom  employed  alone,  but  usually 
in  combination  with  others  possessing  a  higher  degree  of  mallea- 
bili^  and  ductility,  and  thus  alloys  are  firequently  obtained  which 
exhibit  most  remarkable  and  valuable  properties,  combining,  to  a 
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certain  extent,  the  characteristics  of  the  several  metals  of  which 
they  are  fonned. 

The  metals  snjQ&cientlj  malleable  to  enable  them  to  be  employed 
in  an  imcombined  state  are  the  following : — 

Gold  Mercury  Nickel 

Sihrer .  Tin  Zinc 

Platinum  Manganese  Cadmium 

Palladinm  Iron  Copper 

Iridium  Cobalt  Lead 

Of  these,  however,  many  have  not  been  employed  in  the  arts ;  and 
this  arises  either  from  the  scarcity  of  the  ores  from  which  they 
are  obtained,  or  frt)m  their  place  being  advantageously  supplied 
by  other  metals  which  can  be  procured  at  a  cheaper  rate. 

•pMUr  mauH  liuire. — It  has  been  before  mentioned  that  the 
metals  possess  a  great  degree  of  opacity,  and  are  remarkable  for 
a  peculiar  lustre,  called  metallic.  All,  however,  are  not  equally 
opaque,  as  gold,  when  reduced  to  extremely  thin  leaves,  transmit 
rays  of  green  light.  Silver  leaf  of  one-hundred-thousandth  of  an 
inch  in  thickness  is  perfectly  opaque ;  but  very  thin  leaves  of  an 
aDoy  of  silver  and  gold  appear  of  a  blue  colour  when  viewed  by 
tia^mitted  light. 

The  lustre  of  metals  is  a  consequence  of  their  opacity,  and 
depends  on  their  great  power  of  reflecting  light.  When  reduced 
to  the  state  of  powder,  their  peculiar  metallic  appearance  disap- 
p^ffs,  but  is  immediately  reproduced  by  rubbing  with  a  burnisher, 
or  any  other  hard  and  smooth  substance. 

cmmw. — ^Most  of  the  metals,  when  in  a  finely-divided  state,  are 
of  a  gray  colour,  but,  when  consolidated  and  polished,  approach 
more  nearly  to  white.  The  colours  of  some  of  them  are,  however, 
voT  decided :  thus  copper  and  telluriimi  are  red,  gold  is  yellow, 
ud  lead  is  blue. 

The  alloys  formed  by  the  mixture  of  different  metals  usually 
pofiseas  to  a  certain  extent  the  colours  of  the  metals  of  which  they 
are  oomposed.  Those  resulting  from  the  combination  of  two  or 
more  gray  or  white  metals  will  themselves  be  gray  or  white ;  but, 
if  a  ooU>ured  metal  enter  into  its  composition,  the  alloy  will  assume 
Hb  colour  in  a  marked  degree,  although,  if  the  proportion  of  the 
ooloored  metal  be  small  compared  with  the  amount  of  that  which 
is  not  odoiued,  this  is  not  always  very  apparent. 

ifMiBfi — The  metals  differ  from  each  other  in  no  respect 
Qore  than  with  regard  to  their  hardness.  Those  which  are  pure 
ne  usually  less  hard  than  their  alloys,  and  many  of  them  are  so 
soft  as  to  admit  of  being  easily  scratched  with  the  nail,  or  .even 
BKmlded  between  the  fillers. 
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The  following  taUe,  arranged  b^  Dumas,  shows  the  rdatiTe 
degrees  of  hardness  of  some  of  the  more  common  metals; — 


Titanium 

Manganese 

Flatmum 

Palladium 

Copper 

(Md 

Silver 

Tellurium 

Bismuth 

Cadmium 

Tin 

Chromium 

Ehodium 

Nickel 

Cobalt 

Iron 

Antimonjr 

Zinc 

Lead 

Potassium 

Sodium 

Mercury 


} 


Haider  than  Steel 


>Scratched  by  Cale  Spar 


t 


Scratdi  Glass 


>-Scratched  by  Glass 


Scratched  by  tiie  nail 
Isoft  as  wax  at  60*  Fah. 
Liquid  at  ordinary  temperatures. 

, /. — ^The  specific  gravity  of  the  different  metals  differs 

extremely,  as  among  them  we  find  some  bodies  possessing  a  density 
at  least  twenty  times  greater  than  that  of  water ;  whilst  other» 
weigh  less  than  half  their  bulk  of  that  liquid. 
The  principal  metals,  arranged  according  to  their  specific  gra* 


vity,  are  given  in  the  following  table.    Watw  =  1*000 ;  t«mp.= 

60"  F.  (Brande's  McmucU  ofChenrntry) 

Ratinum    . 

.  20080 

Nickel     ,    . 

.    .    8-27 

Gold      .     . 

.  19-266 

Iron    ,     .     . 

.    .    7-78 

Lidium 

.  18-680 

Molybdenum 

.    .    7-40 

Tungsten    . 

.  17-500 

Tin     .     .     ,    . 

•    7-30 

Mercuiy 

.  13-668 

Zino    .     ,     . 

.    7-00 

Palladium  . 

.  11-800 

Manganese  .    . 

.    685 

Lead      .     . 

.  11-350 

Antimony     . 

,    .    6-70 

Silver     .     . 

.    .  10-470 

Tellurium     . 

.    .    610 

Bismuth 

.    9-80 

Arsenic    .     . 

.    5-88        ^ 

Uranium 

.    900 

Utanium 

:  ?l?-'.-° 

Copper  .     . 

.    8-89 

Sodium    .     . 

Cadmium    . 

.    8-60 

Potusium 

.    .    0-86 

Cobalt    .     . 

.    8-53 

OBYBTAJJABA.TIOS. — TtfALLTtABTLTTT. 


-AU  the  metals  are  capable  of  assumiiig,  under 
fiKTomaUe  circamstanoes,  the  crystalline  form.  Many  of  them — 
paiticularlj  gold,  silver,  copper,  and  bismuth— occur  ciystaUised 
m  mtare,  ai^  are  found  eiilter  as  cubes  or  octahedrons,  or  in  some 
of  the  d^Yative  fonns :  antimony  is,  however,  an  exception  to 
tiiis  rule,  and  afiPords  rhomboidal  crystals. 

In  order  to  dystalHse  a  metal  artificially,  it  is  sometimes  suffi- 
cient to  mdt  a  few  ounces  in  a  crucible,  and,  having  permitted  it 
to  cod  on  the  sur&oe,  to  pierce  the  crust  formed  and  aUow  the 
interior  to  flow  out.  By  this  means  very  beautiful  crystals  of 
Usmuth  may  be  obtained ;  but  in  the  case  of  some  of  the  less 
fiisible  metaJs  larger  masses  and  slower  cooling  are  necessary  to 
produce  this  effect,  and  consequaitly  these  are  never  found  in  a 
erystaOine  state  unless  considerable  weights  have  been  fused,  and 
allowed  gradiiaUy  to  cool,  as  sometimes  occurs  in  the  furnaces  in 
which  their  metallurgic  treatment  is  effected. 

It  also  frequently  happens  that  one  metal  may  be  precipitated 
in  a  crystalline  form  by  placing  a  strip  of  another  metal  in  the 
solution  of  its  salts.  In  this  way  silver  is  deposited  by  mercury, 
and  a  piece  of  zinc  placed  in  a  solution  of  acetate  of  lead  precipi- 
tates the  latter  in  feathery  crystals.  Gold  is  occasionally  de- 
posited in  this  form  from  its  ethereal  solutions,  and  a  stick  of 
phosphorus  produces  the  same  effect.  Nearly  all  the  metals  yield 
crystals  when  deposited  from  their  solutions  by  electric  currents 
of  feeble  intensity,  and  it  is  doubtless  to  this  action  that  we  are 
indebted  for  the  many  beautifrd  specim^is  of  the  native  metals 
which  enrich  the  cabinets  of  minersLLogists. 

ibiieAMiitjr. — When  a  piece  of  metal  is  struck  by  a  hammer,  it 
cither  flattens  under  the  blow  or  splits  with  more  or  less  facility 
into  fragments :  to  the  former  property  the  name  of  malleability  is 
applied,  whilst  metals  possessing  the  latter  peculiarity  are  termed 
Uttle.  The  malleable  metals  may  be  reduced  into  thin  leaves 
either  by  the  hammer  or  by  the  flatting-mill. 

This  instrument  consists  of  two  metallic  cylinders  (A,  B,  fig.  1) 
placed  horizontally  one  above  the  other.  These,  by  means  of  cog- 
wheels, are  made  to  revolve  in  contraiy  directions, 
as  shown  by  the  arrows.  These  rollers  are  so 
imnged  in  a  firame  as  to  admit  of  being  placed, 
tbroDgh  the  medium  of  strong  screws,  at  any 
required  distance  firom  each  other,  or,  if  necessary, 
of  being  brought  into  actual  contact.  To  reduce 
a  piece  of  me^  by  this  means  into  the  form  of  a 
thin  sheet,  it  should  be  first  cast  in  the  shape  of  a  ^ 

i^ctangnlar  ingot,  having  nearly  the  same  width  as  the  required 
plate.     One  ci  its  ends  is  then  flattened  into  the  shape  of  a 
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wedge  60  as  to  enter  easily  between  the  rollers,  which,  on  being 
set  in  motion,  draw  the  metal  in  and  pass  it  through  on  the  other 
side  reduced  in  thickness  and  much  elongated.  By  repeating  this 
operation  several  times,  and  gradually  reducing  the  distance  be- 
tween the  two  cylinders,  she^  of  almost  any  degree  of  thinness 
may  be  obtained. 

During  this  artificial  compression  of  the  metals,  their  molecular 
structure  rapidly  undergoes  a  change,  and  those  which  at  first  are 
soft  and  pass  readily  through  the  mill,  soon  become  brittle  and 
difficult  to  work.  It  is  then  said  to  be  '*  rash,"  and  requires  to 
be  softened  by  being  heated  to  redness,  and  afterwards  allowed  to 
cool  down  veiy  gradually  to  the  temperature  at  which  it  is  worked. 
This  process  is  called  annealing. 

Gold  is  the  most  malleable  of  the  metals,  and  is  frequently 
made  into  leaves  of  only  7(nj^0(T7^^  ^^  ^^  ^^^  ^  thickness,  each 
grain  of  which  is  found  to  cover  a  surfiu^  of  fifW-four  square 
inches.  The  metals  are  arranged  in  the  following  ust  according 
to  the  order  of  their  malleabiliiy  : — 


1.  Gold 

6.  Platinum 

11.  Palladium 

2.  Silver 

7.  Lead 

12.  Potassium 

8.  Copper 

8.  Zmc 

13.  Sodium 

4.  Tii 

9.  Iron 

14.  Frozen  Mercuiy 

5.  Cadmium 

10,  Nickel 

]>«cti]itf . — ^The  above  metals  are  also  ductile,  or  capable  of  being 
drawn  into  wire,  but  do  not  possess  this  property  in  the  same 
order  as  their  malleability.  Wire  is  manufactured  by  passing  an 
oblong  piece  of  metal  through  the  progressively  diminishing  holes 
of  a  steel  tool,  called  a  draw-plate.  By  this  means  wires  of  almost 
any  length  or  diameter  may  be  obtained,  as  the  metal  takes  the 
size  of  last  hole  through  which  it  has  passed.  Silver,  for  the 
purposes  of  embroidery,  is  frequently  made  into  wires  j^^th  of  an 
inch  in  diameter.  A  grain  of  gold  may  be  drawn  into  a  wire  550 
feet  long  by  enveloping  the  ingot  operated  upon  in  a  coating  of 
silver,  and  then  passing  it  through  the  draw-plate.  The  wire  thus 
produced  will  also  be  found  covered  with  silver,  and  on  removing 
this  latter  metal  by  diluted  nitric  acid,  an  enclosed  gold  wire,  of 
only  j^th  of  an  inch  in  diameter,  will  be  obtained.  Platinum 
treated  m  the  same  way,  may  be  made  into  wire  not  exceeding 
y^yjUpy*^  ^^^  "^^^  ^  thickness  (PhU.  Trans.  1833,  p.  114). 

The  following  metals  are  arranged  according  to  the  oider  of 
their  ductility : — 

1.  Gold  5.  Nickel  9.  Lead 

2.  Silver  6.  Copper  10.  Palladium 

3.  Platinum  7.  Zinc  11.  Cadmium 

4.  Iron  8.  Tin 
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Tttmeiif. — The  power  possessed  by  different  metals  of  sustain- 
ing  weights  is  very  variable,  and  influences  in  a  great  degree 
their  economic  values.  It  is  therefore  important  to 
asoertam  by  careM  experiment  their  relative  tenacities, 
and  the  various  influences  which  may  affect  them  in 
this  respect.  For  this  purpose  wires  of  equal  lengths 
and  diameters  are  employed.  These  are  firmly  sus- 
pended by  one  end  from  a  fixed  point,  A,  ^,  2,  and 
to  the  other  extremity  weights  are  successively  and 
caiefbUy  added  xmtil  its  rupture  is  effected.  The  weight 
which  causes  the  wire  to  break  necessarily  represents 
the  tenacity  of  the  metal  of  which  it  is  composed, 
wh^  compared  with  others  in  every  respect  similarly 
treated. 

According  to  the  experiments  of  Gruyton  Morveau, 
the  following  are  the  weights  sustained  by  wires  0*787      ^^ 
of  a  hne  in  diameter  (An.  Ch.  et  Ph,  xl.  78).  -=:  ^lifX^JL-  2. 

549-250  lbs. 


Copper     „ 

JUiTUB 

n 

.  302-278 

Platinum  „ 

99 

.  274-320 

Silver       „ 

99 

.  187-137 

Gold 

»> 

.  150-753 

Zinc 

» 

.  109-540 

Tin 

>9 

.    34-630 

Lead         „ 

99 

.    27-621 

] 


-AU  the  metals  admit  of  being  Hquefied  by  the  appli- 
cation of  beat ;  but  the  temperatures  at  which  they  melt  are 
extremely  various.  Mercury  retains  its  liquid  form  during  the 
most  intense  colds  of  our  climate.  Potassium  and  sodium  fiise 
bebw  the  boiling  point  of  water.  Tin  melts  at  about  4(40^  Fah. ; 
lead  at  612^;  and  antimonv  at  about  850^.  Gold,  silver,  and 
copper  require  a  cherry-red  heat ;  iron,  nickel,  and  cobalt  fiise  at 
a  white  heat ;  manganese  and  palladium  are  melted  only  by  the 
strongest  heat  of  a  wind  fomace;  chromium,  uranium,  molybdenum, 
and  tungsten,  agglutinate  but  slightly  when  treated  in  the  same 
way ;  platinum,  iridium,  rhodium,  osmium,  cerium,  titanium,  and 
enhunbium,  yield  only  to  a  powerfbl  voltaic  current,  or  the  flame  of 
the  oijhydrogen  blowpipe. 
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Fusible 
below  a 
red  heat 


The  metali!  are  arranged  in  the  order  of  their  ftifiibility  in  the 
following  table  (Turner,  Elem,  Chmi,)  : — 

Fahr. 
"  Mercorj     •    .     .     .    .      B9^    VariouB  chemists 

Potaasium 136°)  Gaj-LuBsac      and 

Sodium WOf^i  Thdnaid 

Tin   ......     .  442^    Criohton 

Cadmium 450^    Stromejer 

Biamuth 497')  o«vi,f^ 

Lead ^12o|Onchton 

Tellurium .  .  rather  less  fcunble  tiian  lead.    Kls^roth 

Arsenic undetermined 

Zinc 773^    Daniell 

^Antimony   .     «     .    little  below  lednesa 

^SUver 

Coi 

Go] 

Cobalt    .     . 

Iron,  cast    . 

Iron,  malleable 

Manganese  . 

Mckel    .     , 

Palladium    . 

Molybdenum 

Uranium 

Tungsten     . 

Chromium  . 

Titanium     . 

Cerium  .     . 

Osmium .     . 

Iridium  .     . 

Bhodium 

Platinum     . 
'^Columbium  . 

KUunuUf  aad  8«b«miismm  are  attributes  of  the  harder  metals 
only,  and  are  more  conspicuous  in  some  of  their  alloys  than  in  the 
metals  themselyes. 

Od«ar  Had  Tmi«. — Many  of  the  metals,  when  rubbed  or  other- 
wise slightly  elevated  in  temperature,  possess  a  singular  and  char- 
acteristic odour,  and  if  applied  to  the  tongue  leave  a  peculiar  metallic 
taste.  This  property  has  been  attributed  to  the  voltaic  action 
caused  by  the  saliva  between  the  metals  and  their  impurities : 
finoe,  however,  similar  phenomena  present  themselves  when  per- 


Infusible 
below  a 
red  heat 


.    .     .  1837* 

•     •     •  i^?£l  Daniell 

.     rather  less  fusible  than  iron 

.     .     .  2786*    Daniefl 
)  require  thehighest  heat  of  a  smith's 
j  forge 

nearly  the  same  as  Cobalt 


Almost  in^ible,  and  not 
to  be  procured  in  a  but- 
ton by  the  heat  of  a 
smith's  forge,  but  ftim* 
ible  before  the  ozy- 
hydrogen  blowpipe. 
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feetly  pure  f^pedmeiui  ace  9elected,  it  is  not  probable  that  this 
CQq>]aiiiition  is  oonect. 

F«w«r  rff^irthiniMg  Hart. — Some  of  the  metals  transmit  heat 
wrUh  much  greater  ftciliiy  than  others,  and  are  consequentlj 
well  adiqpted  for  the  manufacture  of  boilers  and  other  apparatus 
employed  for  the  generation  of  steam,  as  also  for  stove-pipes,  and 
all  purposes  where  it  is  of  importance  that  the  heat  acquired  by 
the  metallic  surfaces  should  be  readily  communicated  to  surround- 
ine  bodies. 

In  the  following  table  the  metals  are  arranged  in  the  order  of 
thdr  decreasing  conducting  powers,  and  opposite  to  the  name  of 
each  body  is  placed  the  approximative  ra&o  of  the  £Eunlity  with 
which  it  transmits  heat  (Bqgnault's  Caurs  ElmerUaire  de  Ckknie), 


Gold.     . 

.    200 

Iron    . 

.    75 

Tin.    . 

.    61 

saver     . 

.    195 

Zino    . 

.    78 

Lead    . 

.    36 

Copper   . 

.    180 

icat. — ^The  amount  of  heat  required  to  raise  equal 
weights  of  the  different  metals  to  the  same  temperature  is  very 
variable.  Thus,  if  we  express  by  1000  the  quantity  of  caloric 
neoessary  to  raise  a  pound  of  water  fix)m  32*  Pah.  to  212*,  that 
which  must  be  supplied  in  order  to  elevate  the  same  weight  of  the 
following  metals  to  that  temperature,  will  be  as  below : — 

Gold 0'0324i  Begnault 

Silver 00570        „ 

Platinum 00324        „ 

Palladium 0-0593        „ 

Iridium         00368        „ 

Mercury       00318  De  la  Eive  and  Marcet 

Copper 00950  „  „ 

Nickel 01086  Begnault 

Ck)balt 0-1172  Be  la  Eive  and  Marcet 

Iron 0-1130  Potter 

Lead 0-0320      „ 

Tin 0-0560      „ 

Zinc 0-0929  Newman 

Cadmium 0-0567  Renault 

Antimony 0-0508        „ 

Bismuth 0-0270  Newman 

Arsenic 0-0814  Renault 

Manganese 0-1441        „ 

Uranium 0-0619        „ 

Molybdenum     ....  0'0659  Be  la  Eive  and  Marcet 

Tungsten 0'0364  Eegnault 


14  PHYSICAL  CHABAOTEBS  OF  THS  METALS. 

% 

fixpMui«M. — ^Heat  has  the  property  of  removing  the  integral 
partides  which  constitute  a  body  to  a  greater  distance  from  each 
other.  The  substance  becomes  less  compact,  and  therefore  occu- 
pies more  space  than  it  did  previous  to  the  application  of  heat, — 
or,  in  other  words,  it  expands. 

The  linear  expansion  of  the  metals,  on  being  heated  from  32^ 
Fah.  to  212**,  b  given  in  the  following  table : — 


Gold 


000155155  =  ^t  Lavoisier  &  Laplace 


Silver    ....  000190868  =  ^^^th 

Platinum    .     .     .  0*00099180  =  ,r^th  Houghton 

Palladium  .     .     .  0*00100000  =  TcWth  Wollaston  i 

Copper  ....  000171733  =  ^irnd  Lavoisier  &  Laplace  | 

Iron       ....  000123504  =  ^Hth  „ 

Lead     ....  000284836  =  yfrs*  »» 

Tin  (fromMalacca)  000193765  =  ^j^^th  „ 

Zinc  (cast)      .     .  000294167  =  ^th  Smeaton 

Zmc  (hammered)    000310833  ==  ^nd 

Bismnth     .     .     .  000139167  =  ^.tT^th 

Antimony  .     .     .  000108333  =  ^,Td         „ 

ToiaiiutT. — All  the  metals  are  probably  more  or  less  volatile, 
although  a  certain  number  only  admit  of  being  readily  converted 
into  vapour  at  the  highest  temperatures  of  our  fiimaces  :  such  are 
— zinc,  cadmium,  mercury,  arsenic,  antimony,  tellurium,  potas- 
sium, and  sodium.  Several  others  have  the  property  of  communi- 
cating characteristic  colours  to  flame,  and  are  therefore  evidently 
volatile  to  a  small  extent. 


(15) 


CHEMICAL  PEOPEETIES  OF  METALS. 

The  saccess  of  eveiy  metallurgical  process  must  depend  on  the 
chemical  affinities  of  the  minerals  treated,  and  it  is  therefore  of 
the  xitmost  importance  that  the  metallurgist  should  be  well 
acquainted  with  the  deportment  of  the  various  metals,  both  when 
combined  with  each  other,  and  also  when  associated  with  the  non- 
metallic  elements. 

THB  HXTAXS  ASD  OXYGEN. 

All  the  metals  may  be  made  to  combine  with  oxygen,  although 
their  affinities  for  tibis  body  are  extremely  different.  Some  of 
them  combine  with  it  at  all  temperatures,  and  can  only  be  reduced 
to  the  metallic  state  with  great  difficulty ;  whilst  others  possess 
so  little  affinity  for  this  metal  that  they  cannot  be  made  to 
combine  directly  with  it,  and  a  slight  elevation  of  temperature  is 
sufficient  to  effect  a  separation. 

The  relative  affinities  possessed  by  the  different  metals  for 
oxygen  may  be  estimated  in  various  ways. 

Istly.  By  their  deportment  with  oxygen  gas,  or  common  air, 
at  ordinary  temperatures. 

2ndly.  By  the  greater  or  less  fecility  with  which  their  oxides 
may  be  reduced  to  the  metallic  state. 

3rdly.  By  their  power  of  decomposing  water  under  varying 
circumstances. 

4thly.  By  their  power  of  decomposing  water  acidulated  with 
one  of  the  stronger  acids.     Li  this  way  many  metals,  such  as 
iron  and  zinc,  effect  at  ordinary  temperatures  the  decomposition 
(^  water  acidulated  with  sulphuric  acid,  giving  rise  to  the  evolu- 
tion of  hydn^en  gas.    Others,  on  the  contrary,  do  not  produce 
this  e^ct,  even  when  strongly  heated. 
The  decomposition  of  acidulated  water  by  a  metal  does  not 
'    depend  entirely  on  its  power  of  combining  with  oxygen,  but  is 
innuienced  in  a  certain  degree  by  the  affinity  of  the  oxide  produced 
for  the  acid  present,  as  also  by  the  solubility  or  insolubility  of  the 
aft  thus  formed.  • 

From  the  above  considerations  Eegnault  divides  the  metals 
inio  six  groups :  and  as  this  method  has  the  advantage  of  showing 
^  a  glance  some  of  the  most  striking  characteristics,  and  at  the 
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same  time  serres  the  purpose  of  an  artificial  memory,  I  sHaU 
adopt  his  classification  m  the  present  treatise. 

Fine  Ombp* — ^Metals  which  have  the  property  of  absorbing 
oxygen  at  all  temperatures,  even  the  most  elevated,  and  of  decom- 
posing water  even  at  the  lowest,  producing  at  the  same  time 
abun^mt  evolution  of  ozygsn  gas.    These  are — 

Potassium  Lithium  Strontium 

Sodium  Barium  Caldum 

The  three  former  are  called  alkaline  metals  ;  the  three  latter  are 
the  metallic  radicals  of  the  alkaline  earths. 

SMMid  Or««F. — These  metals  consist  of  such  as  absorb  oxygen 
at  the  most  elevated  temperatures,  and  of  which  the  oxides  are  not 
reduced  by  the  application  of  heat  alone :  these  metals  do  not 
sensibly  decompose  water  at  low  temperatures,  but  do  so  very 
deddedly  when  heated  above  122*  Fah.    They  are — 

Manganese  Magnesium  Aliiminnm 

To  these  we  may  also  probably  add  the  following,  the  decom- 
posing power  of  which  on  water  has  not  as  yet  been  sufficiently 
studied : — 

Didymium 

Erbium 

Terbium 

Third  Oraap. — Metals  which  decompose  water  at  a  red  heat, 
of  which  the  oxides  are  not  reducible  by  heat  alone,  and  which  do 
not  decompose  water  at  temperatures  inferior  to  212^  Fah.  All 
these  decompose  water  in  the  cold  when  acidulated  by  the  stronger 
acids.    They  are — 

Iron  Chromium  Cadmium 

Nickel  Vanadium  Uranium 

Cobalt  Zinc 

The  temperature  at  which  these  decompose  water  and  absorb 
oxygen  depends  in  a  great  measure  on  the  state  of  division  in 
which  they  exist,  when  exposed  to  oxidising  influences.  Iron, 
even  when  reduced  to  the  state  of  filings,  does  not  absorb  oxygen 
with  rapidity  at  ordinary  temperatures.  If,  however,  it  be  heated 
to  dull  redness  in  pure  oxygen,  the  action  is  so  rapid  as  to  produce 
the  phenomena  of  heat  and  light.  If  the  metal  be  obtained  in  a 
still  higher  state  of  division,  aa  by  the  reduction  of  its  oxide  by 
hydrogen  gas,  its  mere  exposure  to  cold  atmospheric  air  will  pro- 
duce the  same  efiects. 

A  bar  of  iron  will  not  decompose  steam  at  ordinary  temperar 
tures,  but  iron  filings  readily  do  so  below  450^  Fah. 


Glucinum 

Thorium 

Zirconium 

Ceriimi 

Yttrium 

Lanthanum 
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VmvA  cteMv. — ^Metals  which  abeorb  oxygen  at  a  red  heat,  and 
consequently  cannot  be  reduced  to  the  metallic  state  by  heat 
alone.  These  decompose  steam  with  great  £EMnlity,  bat  do  not 
efifect  the  decomposition  of  water  in  presence  of  the  stronger 
adds.  This  latter  phenomenon  arises  from  the  circomstance  that 
the  oxides  of  these  metals  afford  but  feeble  bases,  whilst  most  of 
them  in  the  presence  of  the  stronger  bases,  sach  as  potash  and 
soda,  act  the  part  of  acids.  From  this  cause  most  of  the  metals 
in  the  following  list  decompose  water  in  the  presence  of  the  alkalies 
with  evolution  of  hydrogen  gas. 

Tungsten  Tantalum  Tin 

Molybdenum  Titanium  Antimony 

Osmium 

To  these  we  may  probably  add — 

Niobium  Ilmenium  Pelopium 

vuKk  cfaPOTqp. — ^Metals  which  absorb  oxygen  at  a  red  heat,  and  of 
which  the  oxides  are  not  reduced  by  heat  alone :  they  decompose 
water  at  extremely  elevated  temperatures  only,  and  even  then  but 
rery  feebly.  These  metals  do  not  decompose  water  either  in  the 
pcesence  of  adds  or  alkalies.    Hiey  are — 

Copper  Lead  Bismuth 

flfxtk  CfaPOTqp. — ^Metals  of  which  the  oxides  are  reduced  to  the 
metallic  state  by  heat  alone.    These  are — 

Mercury  Iridium  Ruthenium 

Silver  Palladium  Gold 

Bhodium  Platinum 

It  may  be  here  remarked,  that  all  the  metals  of  which  the  oxides 
are  not  decomposed  by  heat  alone,  are  capable  of  decomposing 
water  at  more  or  less  elevated  temperatures.  This  arises  from  the 
circomstance  that  water,  when  very  strongly  heated,  resolves 
itfldf  into  its  elements;  and  when  this  is  done  through  the 
medium  of  an  oxidisable  metal,  it  unites  with  the  oxygen  to  form 
an  oxide,  whilst  the  hydrogen  escapes  in  the  gaseous  form.  If, 
instead  of  such  a  metal,  a  platinum  wire,  ignited  by  the  voltaic 
pik,  be  used,  small  bubbles  of  gas  will  be  seen  to  escape,  and  these 
(A  examination  are  found  to  consist  of  oxygen  and  hydrogen 
in  equivalent  proportions. 

•r  the  €)mtMtimmm  wMch  dtotemlae  the  OsdJattoii  of  the  Hetab. 
y^hen  a  metal  unites  with  oxygen,  the  combination  is  usuaUy 
attended  with  heat ;  if  the  action  be  very  rapid,  combustion, 
together  with  intense  light,  is  frequently  the  result.  The  combus- 

0 
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tion  of  the  metalfi  in  oxygen  gas  goes  on  most  rapidly  when  they  are 
reduced  to  the  state  of  powder  previous  to  bemg  subjected  to  its 
action,  as  in  many  instances  the  coating  of  oxide  at  first  formed 
quickly  prevents  further  change.  For  this  reaaoo^  a  stout  copper 
wire,  if  heated  to  redness,  and  immersed  in  a  jar  of  oxygen,  rapidly 
becomes  covered  with  a  coating  of  oxide,  which  quicUy  protects 
the  metal  £rom  further  action ;  but  if  copper  filings  be  treated  in 
the  same  way  they  instantly  ignite,  and  are  converted  into  oxide 
of  copper.  If  the  oxide  produced  by  the  ignition  of  a  metal  in 
the  gas  is  fusible  at  the  temperatiure  obtained  by  its  combustion, 
it  will  be  imnecessary  to  reduce  it  to  powder,  as  the  continual 
melting  of  the  oxide  constantly  exposes  a  clean  metallic  surface 
to  the  Airther  action  of  oxygen.  For  this  reason,  iron  and 
steel,  previously  heated  to  redness,  and  immersed  in  a  jar  of 
oxygen,  bum  with  great  violence,  even  when  exposed  in  huge 
masses. 

The  volatile  metals,  when  similarly  treated,  bum  with  great 
rapidity,  as  the  first  appHcation  of  heat  gives  rise  to  the  production 
of  vapours  which  are  quickly  consumed  and  as  n^dly  replaced  bj 
another  portiofn  generated  by  the  heat  produced  firom  the  con^ 
bustion  of  the  first.  Many  of  the  metals  may  be  kept  indefinitely 
exposed  at  ordinary  temperatures,  to  the  action  of  perfectly  dry 
oxygen  without  combination  ;  but  if  moisture  be  admitted,  che- 
mical action  is  at  once  set  up,  and  the  metal  rapidly  oxidised. 
The  polish  of  a  bar  of  iron  is  not  impaired  by  being  k^  in  a  jar 
of  diy  oxygen,  but  a  moist  atmosphere  soon  produces  a  deposit  of 
oxide  wluch  rapidly  increases,  and  finally  destroys  it.  In  the 
case  of  some  of  the  metals',  such  as  zinc,  the  coating  formed  is 
venr  superficial,  and  serves  to  protect  its  surface  from  further 
action.  The  oxidation  of  many  of  the  other  metals,  on  the  con- 
trary, goes  on  after  a  certain  time  has  elapsed  with  greater 
rapidity  than  at  the  commencement  of  the  action.  This  arisee 
from  the  coating  of  oxide  formed  being  in  an  electro-negative 
state  with  regard  to  the  unoxidised  metal,  and  a  voltaic  pair  is 
thus  established,  which  continues  in  action  as  long  as  there  is  any 
portion  of  unoxidised  metal  remaining. 

The  presence  of  acid  vapours  in  the  air  very  much  accelerates 
the  oxidation  of  the  metals.  When  a  piece  of  iron  is  acted  on  by 
a  humid  atmosphere,  it  is  attacked  by  oxygen  dissolved  in  the 
watery  vapour,  and  as  the  oxide  of  iron  formed  possesses  a  certain 
basic  affinity  for  water,  the  action  is  thereby  increased.  In  this 
way  iron,  and  zinc,  which  do  not  decompose  water  at  ordinary 
temperatures,  and  may  be  indefinitely  preserved  in  that  fluid 
when  deprived  of  its  dissolved  oxygen  by  boiling,  are,  by  the  3 
addition  of  a  few  drops  of  sulphuric,  or  any  other  strong  acid^  ] 
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n^idlj  attacked.  The  aflSnity  of  the  metal  for  oxygen  is  thuB 
mcreased,  and  the  oxide  formed  at  once  combines  with  the  add 
pi^Bent,  giving  rise  to  a  soluble  salt,  which  being  dissolved  in  the 
water,  confltantly  leaves  a  clean  metallic  surface  .to  be  in  its  turn 
oonverted  into  oxide. 

Tiie  metals  of  which  the  oxides  possess  acid  properties,  such  as 
bismuth,  tungsten,  and  antimony,  oxidise  with  more  rapidity 
wlien  moistened  with  alkaline  solutions  before  being  exposed  to 
the  air,  than  if  acted  on  by  watery  vapour  alone. 

<iiMWfiiiM  cfihe  oictAiuc  OzidM. — ^Thc  oxides  of  the  varioiis 
mcAils  vary  extremely  in  their  properties.  Some  of  them  act  the 
pait  of  strong  bases,  and  in  combination  with  acids  form  well* 
defined  and  permanent  salts :  others,  on  the  contrary,  possess  acid 
pn^perties,  and  themselves  combine  with  other  metallic  oxides  to 
&rm  salts  of  more  or  less  stability ;  whilst  a  third  olass  exhibit 
nch  feeble  affinities  that  they  sometimes  act  as  bases,  and  at 
others  as  adds.  Alumina  may  be  given  as  an  example  of  this 
deseription  of  oxides.  Another  cIssIb  consists  of  what  may  be 
called  exceptional  oxides.  These  neither  unite  with  adds  or 
alkalies,  but  in  presence  of  the  stronger  adds  abandon  a  portion 
either  of  their  oxygen  or  their  metal,  and  form  salts.  The  peroxide 
of  manganese  Mn  Og  is  of  this  class,  and  when  heated  with 
stapong  sulphuric  acid  gives  up  half  ils  oxygen  in  the  gaseous 
<tate,  and  forms  the  nilphate  of  the  protoxide  of  manganese, 
MnO,^i.  The  suboxide  of  lead,  Pbt  O,  on  the  contrary,  gives 
1^  half  its  metal  when  acted  on  by  an  add,  and  gives  rise  to 
aitB  of  the  protoxide  of  the  form  FbO,  M,  in  which  M  repre- 
Mots  an  add.  A  similar  decomposition  is  frequently  effected 
in  these  oxides  by  heatmg  them  with  some  of  the  stronger 
fixed  bases.  In  this  way  the  oxide  of  manganese  Kn  O9,  is 
oonverted  into  the  sesquioxide  Mn^  0$ ,  and  manganic  add 
Vn  0|,  which  combines  with  the  base  present.  Thus,  if  potash 
k  the  base  employed,  the  reaction  is  expressed  by  the  following 
eqoatiim: — 

3  (Mn  O,)  +  KO  =  Mn,  Oj  +  KO,  Mn  0, 

The  bade  metaUic  oxides  are  also  frequently  found  to  combine 
vift  the  higher  oxides  of  the  same  metal  possessing  add  proper- 
fa,  and  thus  form  a  series  of  salts  in  which  different  oxides  of 
^  same  metal  act  the  part  of  acid  and  alkali.  The  oxides  of 
Jwn  Pe,  O4,  of  manganese  Mn,  O4,  and  of  chronium  Or,  O4,  are 
examples  of  these  compound  or  saline  oxides,  and  should  be 
opwaed  by  the  formula— FeO,  FejO, ;  MnO,  MnjO,,  and  Cr  O, 
^lOj.  The  brown  oxide  of  chromium  Cr  0,,  and  antimonious 
•cid  Sb  O,  are  both  compounds  of  this  class,  and  should  be 
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expressed  by  the  fonnulae — CtjO,,  CrO,  =  8  (CrO,)  and  SbyO,, 
Sl),0,  =  4(SbO,).' 

Some  of  the  metals  form  a  great  variety  of  compomids  with 
oxygen ;  and  manganese  in  particular  furnishes  remarkable  exam- 
ples of  each  of  the  oxides  above  described.  Mn  O  the  protoxide 
of  manganese  is  a  powerful  base.  Mni  O^,  is  an  indifferent  oxide, 
sometimes  behaving  as  a  base,  and  sometimes  as  an  acid. 

The  peroxide  Mn  Oj  is  an  example  of  an  exceptional  oxide,  and 
is  decomposed  by  an  acid  into  the  protoxide,  which  combines  with 
it  to  form  a  salt,  and  into  oxygen  gas  which  escapes. 

The  oxide  Mus  O4  is  a  compound  oxide  or  manganite  of  oxide  of 
manganese,  and  should  be  written  MnO,  Mn^  O^. 

Xastly,  manffanic  add  Mn  O^  and  hypermanganic  acid  Mn  O5, 
combine  with  the  bases,  and  form  numerous  and  well-defined  salts, 

VvftpmrmHmm  mithm  neiaiiie  Oziics. — The  metallic  oxides  are  va- 
riously prepared.  Many  metals  absorb  oxygen  on  being  heated  in 
presence  of  common  air  or  oxygen  gas,  in  the  same  way  some  of 
the  lower  oxides  are  made  to  combine  with  a  Anther  portion  of 
oxygen.  The  protoxide  of  manganese  Mn  O  heated  m  contact 
with  air  is  converted  into  sesqui-oxide  Mn^  O9.  The  protoxide  of 
barium  (baryta),  heated  to  a  temperature  of  about  700*^  Fah.  in 
an  atmosphere  of  oxygen,  absorbs  another  equivalent  of  the  gas  ; 
but  if  the  temperaturo  be  elevated  much  above  this  point,  pro- 
toxide of  barium  is  again  formed. 

By  exposure  to  heat  many  of  the  higher  oxides  lose  a  portion 
of  their  oxygen.  The  peroxide  of  lead  Fb  O,,  and  the  sesqni- 
oxides  of  nickel  and  cobidt  Nif  O^  and  Cos  O9,  are  by  this  means 
converted  into  the  protoxide  Pb  O,  Ni  O,  and  Co  O.  On  this 
fact  also  depends  one  of  the  most  common  methods  of  making 
oxygen ;  as,  when  the  peroxide  of  manganese  Mn  Oj  is  heated  to 
redness,  it  gives  off  a  part  of  its  combined  gas,  and  leaves  the 
sesquioxide  of  manganese  Mn,  O^  in  the  retort. 

The  oxides  of  some  of  the  metals,  and  particularly  those  which 
possess  acid  prop^ities,  are  nrequently  to  be  obtained  by  heating  the 
metal  with  substances  which  easily  yield  their  oxygen.  If  pow- 
dered antimony  be  thrown  into  a  red-hot  crucible  containing  ftised 
nitrate  of  potash,  this  salt  will  be  decomposed  with  the  formation 
of  antimoniate  of  potash,  which,  on  being  decomposed  by  an  acid, 
deposits  antimonio  acid  Sbg  O5.  In  the  same  way,  by  fusing 
oxide  of  chromium  with  nitre,  chromate  of  potash  is  obtained,  from 
which  the  chromic  acid  Or  Os  is  readily  separated  by  the  addition  | 
of  sulphuric  acid.  ] 

Many  of  the  higher  oxides  are  obtained  by  heating  either  t&e 

1  Some  chemists  dcNible  the  eqaiyaleiit  of  antimony,  and  make  the  protoxide 
SbOj. 
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metal  or  a  lower  oxide  with  mtrie  acid,  and  then  evaporating  to 
dzyneas.  Some  of  the  metaU,  such  as  tin  and  antimony,  leave  an 
insoluble  peroxide  in  a  free  state  when  thus  treated.  Others,  and 
these  are  bj  &r  the  greater  number,  form  nitrates,  wliich,  on 
bong  heated  to  redness,  are  decomposed,  and  a  metallic  peroxide 
IS  left. 

An  the  carbonates,  except  those  of  the  metals  of  the  first  group, 
are  decomposed  at  high  temperatures,  giving  rise  to  the  evolution 
of  gaseous  carbonic  acid,  and  the  production  of  a  free  oxide.  In 
this  way,  lime,  barytes,  and  strontia  are  obtained,  by  calcining 
their  respective  carbonates ;  and  the  carbonate  of  leao,  similarly 
treated,  will  be  found  to  yield  its  carbonic  acid  with  still  greater 
fadlity. 

When  heated  to  redness  in  a  current  of  hydrogen  gas,  many  of 
the  higher  oxides  are  reduced  to  the  metallic  state ;  others  are 
merely  converted  into  protoxides,  and  resist  all  further  efforts  at 
reduction  by  this  means. 

The  metallic  oxides  can  frequently  be  prepared  by  precipitation 
from  their  salts,  through  the  medium  of  an  alkaUne  base,  or 
ammonia.  K  we  pour  caustic  potash  into  a  solution  of  proto- 
snlphate  of  iron,  a  precipitate  of  hydrated  protoxide  of  iron  will 
be  obtained.   The  Allowing  equation  will  explain  the  reaction : — 

FeO,  SO,  +  KO,HO=:KO,SO,  +  Fe  O,  HO 

If  the  protochloride  of  iron  were  employed,  the  reaction  would  be 
as  follows : — 

Fe  a  +  KO,HO  =  Ka  +  FeO,HQ 

The  same  reagent  produces  in  solutions  of  the  sesquioxide  the 
following  changes : — 

Fej  0„  3  SO,  -f  8  KO,HO  =  3  (KO,  SO,)  +  Fe,  0,  HO 
Fes  CI,  +  3  KO,HO  =  3  (K  Q)  +  Fe,  0„  HO 

Here  the  protoxide  of  iron  is  replaced  by  the  sesquioxide  con- 
tained in  the  salt,  which  Mke  the  former  is  precipitated  in  a 
bydrated  state.  On  heating  the  hydrated  protoxide  of  iron,  the 
vater  is  expelled,  and,  from  the  absorption  of  oxygen,  anhydrous 
ieaqoiozide  of  iron  remains. 

The  peroxide  of  hydrogen  is  sometimes  employed  for  the 
<fodaiaxm  of  those  bases  which  resist  less  energetic  means,  and  in 
tbk  way  the  peroxide  of  calcium,  and  some  other  peroxides,  are 


AftUmm  mi  tke  — ■■icfllic  «leni«it»  •»  Om  OzMes.    Oxygen  wmd 

^  •xMea. — ^The  lower  metallic  oxides  usually  combine  with,  a 


22  CHZHICAL  PBOFSBTIB8  07  MBTALS. 

further  portdon  of  oxygen  whenezpoeed  to  the  air.  In  some  instances 
this  takes  place  at  ordinaiy  temperatures,  and  in  a  dry  atmos- 
phere, but  the  action  is  much  accelerated  either  by  the  presence 
of  water  or  the  application  of  heat.  The  precipitated  hydrates  of 
the  protoxides  of  iron  and  manganese  are  rapidly  conyerted,  by 
exposure  to  the  air,  into  the  hydrates  of  the  sesquioxides  of  those 
metals.  In  other  instances  a  certain  heat  is  required  to  produce 
this  effect.  Thus  the  protoxide  of  lead,  when  heated  to  about 
720°  Fah.,  is  converted  into  a  higher  oxide  (minium),  which  is 
again  decomposed  into  protoxide  if  the  heat  be  raised  much  above 
that  point. 

H7^br««ca  Mi«  the  OzMck — ^The  oxides  of  all  the  metals,  except 
those  of  the  two  first  groups,  are  reduced  to  the  metallic  state  by 
the  combined  action  of  heat  and  hydrogen  gas.  Those  of  the 
sixth  group  are  decomposed  by  it  at  temperatures  little  superior 
to  the  boiling  point  of  water,  although  a  red  heat  is  required  for 
the  reduction  of  the  other  oxides.  On  passing  a  current  of 
hydrogen  gas  over  peroxide  of  iron  heated  to  lidness  in  a  por- 
celain tube,  decomposition  takes  place.  Hydrogen  combines  with 
the  oxygen  of  the  oxide,  forming  water,  which  is  driven  off,  and 
metallic  iron  remains  in  the  tube.  If,  on  the  contrary,  iron  filings 
are  placed  in  the  heated  tube,  and  the  vapour  of  water  passed 
over  them,  the  decomposition  gives  rise  to  hydrogen  gas  and 
peroxide  of  iron.  These  experiments,  if  isolated,  would  lead  to 
very  different  conclusions.  From  the  first  we  should  infer 
that  oxygen  has  a  greater  affinity  for  hydrogen  than  for  ircMi, 
whilst  it  would  appear  from  the  latter,  that  oxygen  has  a  greater 
affinity  for  the  metal  than  for  the  gas.  This  apparent  anomaly  is 
accounted  for  by  supposing  the  decomposition  to  be  influenced  by 
the  relative  quantities  of  the  bodies  present.  Thus,  in  the  former 
instance,  every  atom  of  oxide  being  at  a  given  time  within  the 
influence  of  a  great  number  of  atoms  of  hydrogen,  it  is  decom- 
posed by  it ;  whilst  in  the  latter  case  the  metafiic  particles  may 
be  regarded  as  being  present  in  greater  quantity,  as  those  of  the 
hydrogen  will  be  carried  off  as  soon  as  generated,  by  the  current 
of  watery  vapour,  and  cannot  therefore  act  as  a  reducing  agent  oa 
the  metallic  oxide.  From  these  considerations  it  is  evident  that 
the  relative  proportions  of  metal  and  watery  vapour  should  vary 
both  with  the  temperature  and  rapidity  of  tilie  current,  and  that  a 
point  must  exist  at  which,  firom  the  equal  balance  of  the  two,  no 
action  can  take  place  either  on  the  metal  or  its  oxides. 

Carhmi  Mi«  the  OxMdm. — All  the  oxides  which  are  decomposed 
by  hydrogen  are  also  reduced  to  the  metallic  state  by  carbon ;  and 
potassa  and  soda,  which  are  not  reduced  by  hydrogen,  are,  at 
very  elevated  t^peratnres,  deprived  of  their  oxygen  by  the 
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aetion  of  carbon,  carbonic  add  and  carbonic  oxide  gases  being 
cifolved. 

ActfM  mi  flidphv  om  the  4M4m. — ^Wben  the  oxides  of  metals 

of  the  first  group  are  heated  in  contact  with  sulphur,  decompo- 

tttaon  ensues,  and  a  mixture  of  sulphate  and  sulphide  is  produced. 

If  cvbon  in  any  form  be  present,  its  affinity  for  oxygen  deter- 

I      mines  the  deoomposhdon  of  the  sulphates,  and  sulphides  alone  are 

The  oxides  of  the  metals  of  the  second  class  are  not  affected  by 
bong  heated  with  sulphur,  bat  many  of  them  may  be  transformed 
into  su^hides,  by  being  mixed  with  finely  dLvided  charcoal,  and 
afterwards  subjected,  at  a  high  temperature,  to  the  action  of  sul- 
phur Ti^xrar.  The  oxides  of  the  metals  of  the  four  last  groups 
are  all  eonveried  into  sulphides,  with  formation  of  sulphurous 
add  gas,  by  the  action  of  sulphur  at  a  high  temperature.  Some 
of  them,  howev!^,  require  the  addition  of  carbon,  and  are  not 
affected  unless  the  vapour  of  sulphur  is  passed  over  them  when 
thus  prepared. 

ChlMtee  msmA  the  H«iidlle  IIzMm. — ^The  changes  produced  by 
the  reaction  of  chh»ine  on  the  metallic  oxides  vary  with  the 
drcomstanoes  under  which  they  are  brought  into  contact  with 
each  other.  All  the  oxides,  with  the  exception  of  a  few  belonging 
to  the  second  group,  are  converted  into  chlorides  by  the  action  of 
dry  chlorine  gas.  Considerable  elevation  of  tenqperature  is,  how- 
flver,  sometimes  necessary  to  effect  this  decomposition,  and  the 
action  is  usually  much  accelerated  by  the  addition  of  a  portion  of 
powdered  charcoal.  The  best  method  of  converting  the  metallic 
oxides  into  chlorides  is  to  mix  them  intimately  with  lamp-black 
and  oil,  and  when  the  mass  has  assumed  the  proper  consistence 
it  is  divided  into  small  pellets  of  the  size  of  peas.  These  are  in- 
troduced into  a  large  porcelain  tube,  heated  to  redness,  through 
which  chlorine  is  passed,  and  by  this  means  the  oxides  of  all  the 
metals  may  be  ccmverted  into  chlorides.  In  this  reaction  the 
affinity  of  carbon  for  oinrgen  assists  that  of  the  chlorine  for 
the  metal,  and  the  resulte  are  carbonic  oxide  and  a  metallic 
chkride. 

If  the  oxides  are  held  in  solution  or  suspension  in  water,  very 
Affisrent  results  are  obtained ;  the  products  often  vary  according 
to  the  temperature  and  strength  of  the  solution  employed.  When 
chbrine  gas  is  passed  into  a  weak  solution  of  potash,  the  tem- 
poature  of  which  is  prevented  from  rising  by  means  of  a  freezing 
taixture,  or  otherwise,  a  reaction  is  set  up  between  two  atoms  dl 
potash  and  two  of  chlorine,  attended  by  the  production  of  one 
cqoiTalent  of  hypochlorite  of  potash,  and  one  of  chloride  of 
potasnum. 
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Should  a  strong  solution  of  potash  be  employed,  and  the  tem- 
perature be  allowed  to  rise,  six  equivalents  of  potash  and  six  of 
chlorine  will  react  on  each  other,  yielding  one  atom  of  chlorate 
of  potash,  and  five  of  chloride  of  potassium :  thus  6  KO  -f-  6  CI  = 
KO,  01  0«  4-  5  K  a.  The  same  occurs  with  the  oxides  of  all  the 
metals  of  the  first  group,  but  the  production  of  the  chlorates  is 
found  to  be  more  rapid  at  moderate  temperatures  than  when  the 
solution  is  permitted  to  boil. 

With  the  exception  of  the  oxides  of  manganese  and  magnesium, 
the  metals  of  the  second  class  are  not,  when  held  in  suspension  or 
solution  in  water,  decomposed  by  a  current  of  chlorine  gas. 

Chlorine  transforms  the  oxides  of  the  metals  of  the  third  cbiss, 
when  held  in  suspension  in  water,  at  first,  into  protochlorides  and 
peroxides ;  but  if  the  action  be  long  continued,  a  mixture  of  per- 
chloride  and  peroxide  will  be  the  result.  The  sesquioxides  of  the 
metals  of  this  class,  suspended  in  water,  are  not  acted  on  by 
chlorine,  except  in  presence  of  an  alkali.  When  the  sesquioxide  of 
iron,  Fes  C^,  suspended  in  a  solution  of  potash,  is  thus  treated,  it 
takes  up  an  additional  quantity  of  oxygen  at  the  expense  of  the 
potash,  and  chloride  of  potassium  and  ferrate  of  potash  are  formed. 
The  following  equation  will  explain  this  decomposition : — 

Fe,  O,  +  5  KO  +  3  a  =  2  (KO,  Fe  O,  +  3  KCi 

The  oxides  of  the  metals  of  the  three  last  groups,  when  suspended 
in  water,  resist  the  action  of  chlorine.  The  action  of  iodme  and 
bromine  on  the  metallic  oxides  very  closely  resembles  that  of 
chlorine  on  the  same  compounds. 

Aettmi  «rcu«HBe  •■  the  MMtrnMrn. — Chlorine  unites  with  all  the 
metals,  at  temperatures  more  or  less  elevated.  Minute  divifiion 
very  much  accelerates  this  combination,  and  in  many  instances 
causes  the  action  to  be  so  rapid  as  to  be  attended  by  tiie  ignition 
of  the  metal  Powdered  copper,  antimony,  and  arsenic  bum  when 
thrown  into  a  jar  of  chlorine ;  mercury  and  iron  inflame  when 
slightly  heated  in  it,  whilst  it  is  quietly  absorbed  by  gold,  silver, 
and  platinum.  The  metallic  chlorides  differ  extremely  in  their 
physical  and  chemical  properties.  They  exist  of  almost  every 
colour.  Some  of  them  are  decomposed  by  heat,  whilst  others  are 
not  affected  by  it.  Some  are  soluble  in  water,  and  others  are 
totally  insoluble.  Some  are  permanent  in  the  air,  whilst  others 
are  deliquescent.  Many  of  them  decompose  water,  and  give  rise 
to  an  oxide  and  hydrochloric  acid ;  others,  on  the  contrary,  are  in 
no  way  affected  by  moisture. 

The  methods  employed  for  the  preparation  of  the  various 
chlorides  differ  according  to  the  state  in  which  the  metal  exists, 
and  has  also  reference  to  the  properties  of  the  chloride  formed. 
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All  the  metala  may  be  made  to  combine  with  chlorine,  by  heating 
them  in  a  current  of  that  gas.  This  arises  not  only  from  the 
affiniiy  possessed  by  chlorine  for  metallic  bodies,  but  ti^ie  action  is 
also  much  aided  by  the  fusibility  of  the  resulting  compounds,  as 
the  chlorides  being  all  more  or  less  fusible,  constantly  leave  ex- 
posed a  dean  surface  for  the  further  action  of  the  gas. 

The  soluble  chlorides  are  generally  prepared  by  dissolving  the 
metal  in  hydrochloric  acid,  which  is  attended  by  the  evolution  of 
hydrogen  gas.  The  protochlorides  of  the  metals  of  the  third  group 
are  easily  prepared  in  this  way.  The  metals  of  the  fifth  group  do 
not,  even  at  the  boiling  point,  effect  the  decomposition  of  hydro- 
chloric acid,  but,  if  nitric  acid  be  added,  a  chloride  is  at  once 
formed.  When  the  metals  of  the  third  group  are  thus  treated, 
bichlorides  are  produced. 

The  insoluble  chlorides  are  usually  obtained  by  precipitation 
from  a  soluble  salt  of  the  metal.  Thus  chloride  of  silver  is  pre- 
dpitated  from  the  soluble  nitrate  of  silver  by  the  addition  of 
hydrochloric  add,  common  salt,  or  of  an  aqueous  solution  of  chlo- 
rme,  and  is  therefore  employed  by  the  chemist  as  a  delicate  test 
for  the  presence  of  that  body. 

The  metallic  chlorides,  with  the  exception  of  those  of  gold  and 
plaimum,  and  probably  a  few  others  belonging  to  the  same  group, 
are  not  decomposed  by  the  apphcation  of  heat  alone,  although 
some  of  them  are  very  volatile,  and  may  be  distilled  from  one 
vessd  into  another,  without  undergoing  any  further  change. 

Acii—  mt  Ozjgoi  •»  the  ]il«tBiiie-ciii*rideB. — Oxygen  produces 
no  change,  even  at  a  red  heat,  on  the  chlorides  of  metals  of  the 
first  group.  Those  of  the  second,  third,  fourth,  and  fifth  groups, 
are,  on  the  contrary,  changed  into  oxides,  when  heated  to  redness 
in  a  current  of  oxygen.  The  chlorides  of  the  metals  of  the  sixth 
group,  which  are  decomposed  by  heat  alone,  are  also  decomposed 
when  heated  in  a  current  of  oxygen,  but  do  not  absorb  any  of 
that  gas.  Those,  on  the  contrary,  which  are  not  affected  by  heat 
akme,  remain  unchanged  in  a  current  of  oxygen  gas. 

AdlMi  mtWkj4K9%vm  on  the  BlctaUic  Chlerldes. — The  chlorides  of 
the  metals  of  the  two  first  groups  are  not  decomposed  at  any  tem- 
perature by  hydrogen  gas.  All  those  of  the  four  last  groups  are 
decomposed  by  hydrogen  at  a  red  heat,  with  evolution  of  hydro- 
chloric add.  Carbon  produces  no  visible  effect  on  the  metallic 
chlorides. 

BTJlPinm  AKD  THE  METAXS. 

Sulphur  combines  with  all  the  metals ;  and  the  resulting  sul- 
phides, except  a  few  among  those  of  the  sixth  group,  are  not 
aflected  by  the  application  of  heat  alone. 
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The  gulpbides  or  solphurets  are  prepared  in  many  ways : — 

Istly,  By  heating  the  metal  in  a  finely  diyided  state  in  a  doee 
vessel  containing  siilphur,  or  by  passing  the  vapour  of  sulphur 
over  the  metals,  heated  to  redness  in  a  porcelain  tube.  The  action 
produced  by  this  means  is  frequently  so  rapid  that  ignition  of  the 
metal  ensues ;  and  when  copper,  bismuth,  lead,  or  iron  filings  are 
80  acted  on,  the  combination  is  attended  with  vivid  combustion. 
If  sodium  or  potassium  be  substituted  for  the  metals  above  enu- 
merated, their  conversion  into  sulphides  takes  place  with  equal 
violence. 

2ndly,  By  heating  a  mixture  of  the  metallic  oxides  and  sulphur, 
in  which  case  sulphurous  acid  is  evolved,  and  the  sulphide  formed 
remains  in  the  crucible. 

ddly.  By  calcining  a  mixture  of  the  metallic  oxides  with  sulphur 
and  ailkaline  carbonates  in  a  crucible  lined  with  charcoal.  In  this 
operation  the  carbonate  of  potash  or  soda  employed  is  first  con- 
verted into  a  polysulphide,  which,  at  an  elevated  temperature,  is 
decomposed,  and  the  sulphur  thus  set  free  combines  with  the  metal 
reduced  by  the  carbon  present.  When  the  oxides  of  the  metals 
of  the  fourth  group  are  thus  treated,  electro-n^^ative  sulphides 
are  formed,  and  these  combining  with  those  of  the  alkalies  pre- 
sent, constitute  a  sulphur  salt. 

4thly,  By  decomposing  the  metallic  sulphates,  either  by  heating 
them  with  a  mixture  of  charcoal,  or  by  passing  a  current  of  hydro- 
gen gas  over  them  when  heated  to  redness  in  a  porcelain  or  hard 
glass  tube. 

6thly,  By  the  action  of  sulphuretted  hydrogen  in  solutions  of 
the  metallic  salts.  This  affords  an  easy  method  of  obtaining  the 
sulphides  of  the  metals  of  the  third  group. 

6thly,  By  the  action  of  sulphide  of  ammonium,  or  some  other 
alkaline  sulphide,  on  the  soluble  metalEc  salts.  This  method  is 
applicable  to  the  salts  of  the  metals  of  the  third  group  which  are 
nc^  decomposed  by  the  action  of  sulphuretted  orf gen  only. 

When  sulphate  of  the  protoxide  of  iron  is  thus  treated  with 
sulphide  of  potassium,  the  following  reaction  takes  place : — 

FeO,  S0,+  KS  =  KO,SO,  +  TeS. 

When  salts  of  the  metals  of  the  fifth  group  are  acted  on  by  a 
solution  of  sulphide  of  ammonium,  the  filrst  effect  produced  will 
be  to  throw  down  the  sulphides  of  those  metals ;  but  on  subse- 
quently adding  a  further  quantity  of  the  precipitant,  the  sulphides 
at  first  thrown  down  will  be  redissolved,  and  a  soluble  sulphur- 
salt  formed. 

ilcttoB  •r  the  If^aHMetiillie  BImmmb  •■  Um  SfOpkUtea. — ^When 
the  sulphides  of  the  metals  of  the  first  group  are  exposed  to  the 
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oombined  addon  of  heat  and  oxygen,  both  the  metal  and  the 
solphnr  become  oxidised,  and  combining  with  each  other  in  their 
modified  states  are  converted  into  metallic  sulphates. 

The  sulphide  of  magnesium,  which  is  a  metal  belonging  to  the 
second  groiq>,  is  similarly  converted  into  sulphate  of  magnesia ; 
but  the  sulphide  of  manganese,  a  member  of  tiie  same  section,  is, 
on  the  contrary,  decomposed  by  the  action  of  this  gas.  In  this 
case  tile  products  of  the  decomposition  vary  with  the  tempera- 
ture at  which  it  is  effected.  If  ihe  heat  employed  be  consider- 
able, the  sulphur  is  entirely  expelled  in  the  state  of  sulphurous 
acid,  and  the  metal  remains  in  the  state  of  oxide.  When  a  lower 
temperature  is  employed,  a  certain  quantity  of  sulphate  is  formed 
at  the  same  time,  and  the  product  consists  of  a  mixture  of  sul- 
phate and  oxide  of  the  metal. 

The  sulphides  of  the  third  and  fifth  groups  behave,  when  heated 
with  oxygen,  precisely  like  the  sulphide  of  manganese.  Those  of 
the  metals  of  the  fifth  group  are  entirely  converted  into  oxides, 
whilst  the  sulphur  escapes  as  sulphurous  acid  gas. 

Lastly,  the  sulphides  of  the  sixth  group  are  reduced  to  the 
metallic  state  when  heated  in  contact  with  oxygen,  as  the  sulphur 
goes  off  in  the  form  of  sulphurous  add,  and  the  uncombined  metal 
remains.  Most  of  the  metallic  sulphides  become  converted  into 
sulphates  when  exposed  for  a  long  period  to  the  combined  action 
of  air  and  moisture,  and  in  this  way  many  of  the  mineral  ores  are 
naturally  though  slowly  converted  into  soluble  salts. 

BELSIQTrBf  AJSTD  THE  lOSTAIiS. 

S  lenium  acts  on  the  metals  with  nearly  the  same  phenomena 
as  sulphur;  the  selenides  are,  however,  of  much  less  frequent 
occurrence  in  nature  than  the  sulphides,  and  are  consequently  of 
very  secondary  importance  to  the  metallurgist.  They  may  be 
prepared  either  by  passing  a  current  of  seleniuretted  hydrc^n 
through  solutions  of  mekJlic  salts,  or  by  heatmg  the  metsds 
directly  with  selenium* 

PHOSPHOBUS  AITD  THE  METALS. 

Many  of  the  metallic  phosphides  are  natural  productions  «ome- 
tames  found  in  considerable  abundance.  They  m^y  be  prepared 
artificially  in  three  different  ways : — 

hrtly.  By  heating  a  mixture  of  phosphorus  and  the  metal,  or  by 
pojee&ng  phosphorus  into  a  crucible,  in  which  the  metal  is  held 
in  a  state  of  fusion. 
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2ndly,  By  beating  a  mixtxire  of  phosphoric  acid  and  charooa] 
with  a  metal  or  its  oxide. 

3rdly,  By  passing  acurrent  of  phosphnretted  hydrogen  through 
a  solul^on  of  the  metallic  salts.  But  few  of  the  phosphides  can, 
however,  be  obtained  by  the  humid  process,  as,  when  phos- 
phuretted  hydrogen  gas  is  passed  through  metallic  solutions, 
either  a  peculiar  compound  is  obtained,  as  is  the  case  with  the 
salts  of  the  protoxide  of  mercury,  or  the  metal  is  reduced  to  the 
metallic  state,  as  when  gold  and  silver  salts  are  thus  treated ;  or 
no  change  is  produced  by  its  action,  as  happens  with  by  £ur  the 
greater  portion  of  the  metallic  salts.  The  phosphides  have  gene- 
rally a  metallic  lustre  and  crystalline  texture.  Those  of  the  metals 
of  the  first  group  are  decomposed  by  water  with  evolution  of 
spontaneously  inflammable  phosphuretted  hydrogen,  and  the  for- 
mation of  their  respective  oxides. 

Nitrogen,  cyanogen,  and  boron,  may  also  be  made  to  combine 
with  the  metsds,  but  their  compounds  are  of  but  little  importance 
to  the  metallurgist,  and  may  consequently  be  passed  over  without 
remark. 

OF  THE  GOMBINATIOKS  OF  THE  METALS  WITH  EACH  OTHEB. — 
ALLOYS. 

The  metals,  with  but  few  exceptions,  are  capable  of  combining 
with  each  other,  and  thereby  forming  a  class  of  compounds  pos- 
sessing more  or  less  the  properties  of  their  several  constituents. 
Alloys  are  generally  more  fusible  and  harder  than  the  metals 
which  enter  into  their  composition ;  and  as  these  properties  may 
be  regulated  according  to  the  relative  amount  of  the  various  metals 
employed,  an  infinite  number  of  modifications  may  be  thus 
obtained.  Copper  is  very  malleable  and  ductile,  but  is  difficult  to 
fuse,  and  for  many  purposes  does  not  possess  the  requisite  hard- 
ness. In  many  instances  these  defects  may  be  obviated  by  the 
addition  of  one-third  of  its  weight  of  zinc,  which,  without  much 
impairing  its  malleability,  renders  it  fusible,  heightens  its  colour, 
and  at  the  same  time  communicates  to  it  a  proper  degree  of  hard- 
ness. In  the  manufacture  of  cannon,  a  nuxture  is  required  not 
only  sufficiently  hard  to  withstand  the  friction  of  the  shot  during 
its  passage  through  it,  but  also  capable  of  resisting  the  corrosive 
action  of  the  products  arising  from  the  combustion  of  gunpowder. 
It  should  likewise  possess  considerable  toughness,  without  which 
the  gun  would  be  liable  to  burst.  In  many  cases,  and  particularly 
for  battery  use,  cast  iron  is  employed,  but  when  guns  are  required 
to  be  moved  from  place  to  place,  the  brittleness  of  that  metal 
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beooioee  a  serious  objection,  as,  unless  made  very  thick  and  Heavy, 
thej  would  not  be  capable  of  withstanding  the  explosive  force  to 
which  they  are  subjected.  If  copper  were  employed,  it  would  in 
the  first  place  be  extremely  difficult  to  mould,  as,  from  the  high 
temperature  required  for  the  fusion  of  that  metal,  it  is  liable  to 
chill  and  produce  air-holes  in  the  casting;  and  in  the  second, 
would  soon  wear  out,  if  made,  from  the  rebound  of  the  shot  in 
passing  from  the  breech  to  the  muzzle  during  its  discharge. 

By  the  addition  of  ten  parts  of  tin  to  ninety  parts  of  copper, 
an  aUoy  is  obtained  which  answers  all  these  conditions,  and  is  also 
used  under  the  name  of  bronze,  for  the  manu^EuHnire  of  statues, 
and  for  various  other  ornamental  purposes. 

For  printers'  type  an  alloy  is  required  at  the  same  time 
hard,  fusible,  and  which  does  not  materially  contract  in  cooling. 
Lead,  which  is  a  frudble  metal,  is  evidently  unfitted  for  this  pur- 
pose by  its  softness,  whilst  zinc  and  bismuth  are  too  liable  to 
hreak  under  the  pressure  to  which  the  types  are  exposed  in  the 
process  of  printing.  By  combining,  however,  tweniy  parts  of 
antimony  and  eighty  of  lead,  an  alloy  is  produced  which  Mfils  all 
these  conditions,  and  furnishes  us  at  a  cheap  rate  with  a  material 
admirably  adapted  for  the  purpose  intended. 

It  has  long  been  a  disputed  question  whether  the  alloys  are 
chemical  combinations  of  metals  in  definite  proportions  or 
merely  mechanical  mixtures,  without  regard  to  their  atomic  rela- 
tions. It  is,  however,  probable  that  they  are  in  all  cases,  com- 
bined acoordhig  to  the  kws  of  chendcal  affinity.  Berzelius  has 
observed  that  the  acidifiable  metals  have  the  greatest  tendency  to 
oombine  with  those  which  produce  salifiable  bases,  and  that 
antimony,  arsenic,  and  tellurium,  form  with  the  other  metals, 
definite  compounds  anal(^us  to  their  native  sulphides  and 
phosphides.  Many  of  the  alloys,  both  natural  and  artificial,  are 
also  found  to  be  capable  of  assuming  a  crystalline  form,  and  this 
property  may  frequently  be  employed  for  the  purpose  of  separating 
the  truly  ohemiod  alloy  from  the  mechanical  admixture  caused  by 
the  excess  of  one  of  its  constituents. 

It  has  been  before  stated,  that  by  alloying  the  metals,  we 
ohtdn  compounds  possessed  of  very  different  ductility,  malleability, 
hardness,  and  colour,  from  those  belonging  to  the  bodies  which 
enter  into  their  composition ;  thus  gold  and  lead,  and  gold  and 
^  form  brittle  alloys,  and  a  minute  quantity  of  arsenic  added  to 
oopper  renders  it  white.  It  is  also  to  be  observed  that  an  alloy 
eoimposed  of  two  metals  has  seldom  a  density  corresponding  to 
te  mean  which  should  be  obtained  hj  calculation  from  the 
idatfve  amounts  and  specific  gravities  of  its  constituents. 

The  following  table,  from  Th^nard  (Traits  de  Chime,  Vol.  i. 
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p.  394,)  showB  in  what  caseB  the  specific  gravities  of  the  com- 
pounds are  superior,  and  when  inferior  to  the  mean  of  the  com- 
bined metals. 


AHojs  poiseesed  of  greater  specific 

Alloys  having  a  specific  gravity  in- 

giETity than  the  mean  of  thdr 

ferior  to  the  mean  of  their  com- 

^^CT^TMBICTl'^yi 

ponents. 

Oold  and  Zinc 

Gk)ld  and  Silver 

„      Tin 

.,      Lx)n 

„      Bismuth 

„      Lead 

„      Antimony 

„      Copper 

„      Cobalt 

„       Iridium 

Silver  and  Zinc 

„      Nickel 

„       Lead 

Silver  and  Copper 

„       Tin 

Copper  and  Lead 

,.       Bismuth 

Iron  and  Bismuth 

„       Antimony 

„      Antimony 

Copper  and  Zinc 

„      Lead 

„          Tin 

Tin  and  Lead 

„          Palladium 

„    Palladium 

,,         Bismuth 

„    Antimony 

„         Antimony 

Nickel  and  Arsenic 

Lead  and  Bismuth 

„       Antimony 

Platinum  and  Molybdenum 

Palladium  and  Bismuth 

Alloys  are  generally  more  oxidisable  than  their  constituents 
taken  singly.  This  probably  arises  from  the  circumstance  of  one 
of  the  medals  being  edectro-negative  with  respect  to  the  others,  by 
which  means  elec&c  action  is  set  up,  and  the  more  positive  metal 
rapidly  oxidised. 

The  action  of  acids  on  alloys  varies  according  to  the  relative 
amount  of  their  constituents.  Silver  alloyed  with  a  large  quantity 
of  gold  is  protected  from  the  action  of  nitric  acid,  by  which,  under 
ordinary  circimistances,  it  is  n4)idly  attacked.  Sometimes,  how- 
ever, the  reverse  of  this  takes  place,  and  metals  which  are  totally 
insoluble  in  certain  menstrua  are  made  to  dissolve  in  them  by  the 
addition  of  a  metal  on  which  they  have  the  power  of  acting.  In 
this  way,  platinum,  although  of  itself  insoluble  in  nitric  acid,  may 
be  dissolved  by  it  when  sufficiently  alloyed  with  silver.  Alloys 
consisting  of  two  metals,  the  one  easily  oxidisable,  the  other  pos- 
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sessing  a  less  affinity  for  that  element,  may  be  readily  decomposed 
by  the  combined  action  of  heat  and  air.  In  this  case  the  former 
metal  will  be  rapidly  converted  into  an  oxide,  except  perhaps  the 
last  portion,  which  may  in  some  degree  be  protected  &om  further 
action  by  the  oxide  already  formed.  The  increased  affinity  for 
o^gen  exhibited  by  the  more  oxidisable  metal,  in  presence  of 
another  less  affected  by  this  agent,  is  doubtless  an  electric  pheno- 
menon, and  the  action  is  in  many  cases  so  rapid  as  to  produce 
combustion.  This  occurs  when  an  alloy  of  three  parts  of  lead  and 
one  of  tin  is  heated  in  contact  with  air. 


(32) 


THE  METALLIC  SALTS. 

The  consideration  of  this  claj»  of  bodies  belongs  rather  to  the 
science  of  chemistry  than  to  that  of  metallurgy,  and  I  shall  there- 
fore confine  myself  to  such  generalities  as  may  enable  the  student 
to  understand  the  nature  of  the  various  processes  hereafter  to  be 
described,  and  must  refer  him  for  further  information  to  the 
different  treatises  on  elementary  chemistry,  in  which  he  will  find 
this  subject  more  fiilly  discussed. 

The  compounds  hitherto  described  have  been  for  the  most  part 
the  result  of  the  binary  combination  either  of  a  metal  and  a  non- 
metallic  element,  or  of  two  metals  with  each  other.  The  salts,  on 
the  contrary,  are  usually  formed  by  the  chemical  union  of  two  binary 
compounds  possessing  opposite  electric  energies,  and  having  in 
consequence  a  greater  or  less  affinity  for  each  other. 

The  binary  electro-negative  element  is  called  an  acid,  and  is 
most  frequently  composed  of  two  non-metallic  elements,  as  in  the 
case  of  sulphuric  acid  SO9,  nitric  acid  N0«,  and  chloric  acid  ClO^, 
&c.  <&c.  Sometimes,  however,  one  of  the  elements  of  an  acid  is 
a  metal,  as  in  the  case  of  ferric  acid  FeOs,  manganic  acid  MnO^ , 
stannic  acid  SnOf,  antimonic  acid  SbO«,  and  many  others. 

Some  of  the  sulphur  acids  also  contain  a  metal,  and  we  therefore 
find  such  compounds  as  the  sulphides  of  antimony  and  tin 
possessed  of  acid  properties.  The  base  or  electro-positive  element 
of  a  salt  is  always  a  metallic  compound.  The  sulphides  and 
oxides  of  many  of  the  metals  belong  to  this  class. 

The  greater  number  of  acids  are  compounds  of  oxygen  and  a 
metallic  or  non-metallic  element,  whilst  the  oxides  of  the  metals 
afford  the  most  numerous  class  of  bases.  Many  of  the  sulphides 
also  combine  and  form  salts,  in  which  the  acid  is  an  electro- 
negative sulphide  or  sulphur  add,  whilst  the  base  is  a  sulphide 
possessing  opposite  electric  energies. 

The  double  chlorides  resulting  from  the  combination  of  the 
electro-positive  chlorides  of  the  metals  with  the  electro-n^ative 
chlorides  of  other  metallic  or  non-metaUic  elements,  again  form  a 
class  of  salts  of  which  we  have  many  examples,  and  of  which  the 
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number  will  probably  be  much  increased  with  the  advancement 
of  the  science  of  chemistry. 

The  oxy-salts,  or  those  in  which  both  the  acid  and  base  con- 
sist either  of  a  metallic  or  non-metallic  oxide,  form  by  far  the 
most  numerous  and  important  class,  and  have  therefore  received 
the  greatest  attention,  and  are  the  most  ^lUy  understood  by 
chemists ;  consequently  the  following  generalities  may  be  consi- 
dered as  referring  particularly  to  them. 

ifcvmucr. — Salts  are  divided  into  acid,  alkalmej  and  neutral. 
The  characteristics  on  which  this  distinction  is  founded  are  easily 
defined,  in  the  case  of  those  formed  by  the  union  of  the  energetic 
adds  and  bases ;  but  they  become  less  clear  if  the  compound  be 
the  result  of  the  combination  of  powerM  bases  with  feeble  acids, 
or  of  the  stronger  adds  with  the  weaker  bases.  This  difficulty 
becomes  still  greater  when  the  resulting  salt  is  insoluble  in  water. 

The  vegetable-blue  colours,  especially  the  tincture  of  litmus, 
are  the  t^ts  ordinarily  employed  for  the  purpose  of  ascertaining 
the  state  of  a  salt  with  regard  to  its  neutrality.  This  colour  is 
itself  formed  by  the  union  of  a  red  v^^table  acid  with  an  alkaline 
base,  and  the  resulting  compound  possesses  the  characteristic  blue 
colour  of  tincture  of  Htmus. 

When  a  more  powerful  acid  is  added  to  this  organic  salt,  it 
rqtlaces  its  vegetable  electro-negative  element,  which,  becoming 
free,  again  assumes  its  original  red  colour,  and  consequently  indi- 
cates the  presence  of  a  free  or  feebly  combined  acid  in  the  solution 
into  which  it  has  been  poured.  A  test  for  the  presence  of  a  free 
or  feebly  combined  alkali  is  obtained  by  reddening  tincture  of 
litmus  by  an  acid,  as  the  original  blue  colour  of  the  salt  is  again 
produced  on  neutralising  by  an  alkali  the  acid  first  added  to  pro- 
dace  the  red  colour.  In  order  that  these  reagents  should  be  as 
sensitive  as  possible  to  the  action  of  acids  and  alkalies,  it  is  neces- 
Mffy  to  observe  the  greatest  care  to  prevent  any  excess  either  of 
aliali  in  the  blue  solution,  or  of  acid  in  the  red  one,  as,  if  this 
vere  not  attended  to,  the  first  portion  of  the  acid  or  alkali  in  the 
Bolution  to  be  examined,  would,  as  the  case  might  be,  be  appro- 
priated by  the  free  acid  or  alkali  present,  and  thereby  introduce  a 
««se  of  error  in  the  experiment.  K  we  in  successive  portions 
pour  sulphuric  acid,  which  strongly  reddens  the  blue  colour  of 
litmus,  into  a  fluid  containing  potsah,  which  blues  the  red  solution 
<3f  that  substance,  we  shall  fiud  that  the  action  of  the  alkali  will 
gradually  become  less  intense,  and  that  finally  we  shall  arrive  at  a 
p|»nt  at  which  neither  an  acid  nor  alkaline  reaction  can  be  perceived. 
The  resulting  sulphate  of  potash  is  then  said  to  be  neutral,  and  if 
we  evaporate  the  solution  to  dryness,  and  examine  the  residue,  we 
find  it  to  consist  of  sulphuric  acid  and  potash,  united  in  the  pro- 
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portion  of  40  of  the  former  to  47  of  the  latter,  in  which  composi- 
tion it  will  be  fomid  that  ihe  amount  of  oxygen  contained  in  the 
acid  is  three  times  greater  than  that  united  with  the  potassium 
to  constitute  the  base,  and  the  salt  will  consequently  be  expressed 
by  the  formula  KO,  SO,. 

If,  instead  of  using  potash,  we  were  to  employ  soda  or  lithia  for 
the  purpose  of  saturating  the  sulphnric  acid,  we  should  obtain 
sulphates  of  those  bases,  m  which  the  oxygen  in  the  acid  would 
be  again  found  to  be  triple  that  contained  in  the  base. 

Baryta  and  strontia  change  the  reddened  tincture  of  Htmus 
into  blue  with  almost  the  same  intensity  as  potash  or  soda ;  but 
if  we  add  sulphuric  acid  to  the  solution  of  these  bases  in  water,  a 
dense  white  precipitate  will  immediately  be  formed,  and  continue 
to  be  deposited  unlal  the  solution  b^ns  to  evince  a  slight  acid 
reaction. 

If  we  now  separate  the  liquor  by  filtration,  and  evaporate  to  dry- 
ness, we  shall  find  that  it  retams  nothing  in  solution,  as  the 
sulphate  of  baryta  formed  is  insoluble  in  water,  and  is  therefore 
wholly  retained  in  the  solid  state  on  the  filter.  On  testing  this 
salt  we  fall  to  obtain  either  an  acid  or  alkaline  reaction,  as  firom 
its  insolubility  it  is  incapable  of  affecting  the  vegetable  colours. 
By  analysing  the  precipitate,  however,  we  find  the  same  relation 
in  this  case  between  the  amount  of  oxygen  in  the  acid  and  base, 
as  was  observed  with  r^ard  to  the  other  salts,  and  firom  such  con- 
siderations as  these,  chemists  agree  to  consider  those  sulphates  as 
neutral  in  which  the  amount  of  oxygen  in  the  acid  is  three  times 
greater  than  that  contained  in  the  base.  If  nitric  instead  of  sul- 
phuric acid  be  added  to  a  solution  of  potash,  the  alkali  will,  as  in 
the  former  case,  become  neutralised,  whilst  the  nitrate  of  potash 
formed  is  found  to  have  the  formula  KO,  NO5,  in  which  the 
amount  of  oxygen  in  the  acid  is  five  times  greater  than  that  con- 
tained in  the  base.  On  repeating  this  experiment  on  the  various 
bases,  it  will  invariably  be  found  that  the  ratio  of  the  oxygen 
contained  in  the  acid  to  that  combined  with  a  metal  to  form  a  base 
\a  as  one  to  five,  and  consequently  all  nitrates  are  considered 
neutral  that  maintain  this  proportion. 

Many  of  the  stronger  acids  are  united  to  a  portion  of  water 
which  appears  to  be  essential  to  their  constitution,  and  in  these 
cases  the  hydrated  acids  may  be  considered  as  salts  of  water, 
which  are  decomposed  by  the  alkalies  merely  because  the  oxides 
of  the  metals  are  more  highly  electro-positive  than  the  oxide  of 
hydrogen,  and  are  therefore  capable  of  forming  with  the  acid  a 
more  stable  salt.  The  less  powerful  acids,  such  as  carbonic  and  sul- 
phurous acid,and  many  others,are  incapable  of  thoroughly  neutral- 
ising the  stronger  bases  with  regard  to  the  coloured  reagents,  as, 
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in  bowerer  great  excess  they  may  be  added,  the  compoimd  will 
still  be  found  to  retain  an  alkaline  reaction.  If,  for  instance,  a 
earrent  of  carbonic  add  be  passed  for  a  considerable  time  through 
a  sstorated  solution  of  potassa,  a  crystallised  salt  will  be  deposited, 
vhich,  on  examination,  is  found  so  constituted  that  the  amount  of 
oiygen  contained  in  the  add  is  four  times  greater  than  that  which 
ent^  into  the  composition  of  the  base.  On  dissolving  the  salt 
thus  formed  in  water,  and  adding  to  the  solution  a  portion  of 
potash  of  the  same  weight  as  that  originally  operated  on,  a  new 
oystalline  salt  is  obtained,  in  which  the  amount  of  oxygen  con- 
tained in  the  add  is  only  twice  the  weight  of  that  united  with  the 
potsffiimn  of  the  base ;  and  as  both  these  salts  produce  alkaline 
reactions  on  the  vegetable  coloured  reagents,  it  beeomes  a  matter 
of  difficulty  to  dedde  which  of  the  two  should  be  regarded  as 
the  neutral  carbonate  of  potash.  K,  however,  these  experiments 
be  extended  to  the  other  metallic  oxides,  it  will  be  found  that 
those  of  the  first  group  are  alone  capable  of  affording  two  series  of 
earbonates,  whilst  the  five  other  sections  only  yield  those  in  which 
^  oiygen  of  the  add  is  double  that  of  the  base.  For  this  reason 
most  chemists  describe  the  salts  having  the  general  formula 
MO,  CO,  as  the  neutral  carbonates,  although  a  few  still  consider 
HO,  0^4  should  be  thus  r^arded,  firom  the  circumstance  of  its 
more  neaiiy  approaching  neutrality  with  regard  to  the  coloured 
leagents. 

The  definition  of  neutral  salt  becomes  still  more  indefinite  in 
the  case  of  the  combinations  which  take  place  between  the  bases 
and  what  are  usually  called  polybasio  adds.  To  illustrate  this 
variety  we  may  take  the  salts  of  conunon  phosphoric  acid  as  an 
example.  If  an  excess  of  phosphoric  add  be  added  to  a  solution 
of  soda,  and  with  proper  precautions  evaporated  to  dryness,  we 
ob^  a  salt  represented  by  the  formula  NaO,  PO^  -|-  2  HO,  in 
whieh  the  amount  of  oxygen  contained  in  the  add  is  five  times 
greater  than  that  contain^  in  the  base.  On  dissolving  this  salt 
in  water,  and  adding  to  its  solution  a  quantity  of  soda  equal  to 
that  which  it  already  contains,  a  salt  is  produced  expressed  by  the 
fimxrala  2  NaO,  PO,  +  HO,  in  which  the  ratio  of  the  oxygen  in 
the  base  to  that  in  the  add  is  as  two  to  five ;  and  on  again  dis- 
aolnng  this  salt  in  water,  and  adding  another  equivalent  of  soda, 
the  whole  of  the  water  is  displaced,  and  the  salt  3  NaO,  PO,  is 
obtained,  where  the  oxygen  in  the  acid  compared  with  that  in  the 
baae  is  as  three  to  five.  Of  these  salts  the  first  possesses  an  acid 
''^action  on  tincture  of  litmus,  whilst  the  two  second  colour  the 
i^eddened  solution  of  litmus  blue,  and  therefore  exhibit  alkaline 
pKiperties.  The  v^etable  reagents  are  in  this  case  incapable  of 
deciidiDg  the  question  of  neutrality,  and  chemists  have  conse- 
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quently  been  induced  to  change  the  meaning  of  the  word  by  which 
is  now  generally  understood  an  equivalent  of  acid  united  with  its 
usual  number  of  equivalents  of  base.  According  to  this  definition 
each  of  the  three  piiosphates  above  described  may  be  considered  as 
a  neutral  salt.  The  fii^  will  be  a  phosphate  containing  an  equiva- 
lent of  oxide  of  sodium,  and  two  of  oxide  of  hydrogen.  In  the 
second  the  addition  of  another  equivalent  of  the  stronger  base  has 
replaced  the  less  electro-positive  oxide  of  hydrogen  :  whilst  in  the 
third  salt  the  feebler  oxide  of  hydrogen  has  been  entirely  elimi- 
nated, and  its  place  occupied  by  the  alkaline  base. 

These  and  similar  considerations  have  suggested  the  idea  that 
many  of  the  substances  called  adds  are  in  ri^ty  salts,  and  that 
they  do  not  combine  with  the  oxides  of  the  metals,  as  is  usually 
supposed,  but  rather  with  the  metals  themselves ;  water  being  in 
every  instance  produced  at  the  same  time. 

Sulphuric  acid  80$  +  HO,  is  considered  to  be  a  compound 
of  one  equivalent  of  sulphur,  combined  with  three  of  oxygen, 
and  further  united  with  an  atom  of  water,  to  form  the  so- 
called  hydrated  sulphuric  acid.  Nitric  add,  N0«  +  HO,  is  in 
like  manner  regarded  as  composed  of  one  atom  of  nitrogen,  com- 
bined with  five  of  oxjgen,  and  one  of  water.  It  is,  however, 
evident  that  sulphuric  add  may  either  be  expressed  by  the 
formula  SO,  +  HO,  or  SO4  -|-  H,  and  that  nitric  acid  is  equaUy 
well  represented  by  the  equations  NO,  +  HO,  and  NOe  +  H.  If 
we  consider  the  latter  expressions  as  the  true  representations  of 
the  state  of  aggregation  of  atoms  in  the  adds  in  question,  the 
formation  of  a  salt  must  be  regarded  as  merely  a  result  of  the 
substitution  of  a  metal  in  the  place  of  the  hydrogen  contained  in 
the  add.  The  latter  view  of  the  constitution  of  acids,  and  the 
formation  of  salts,  has  not  only  the  advantage  of  explaining  many 
phenomena  hitherto  not  fiilly  understood,  but  also  of  reducing  the 
oxacids  and  hydradds  to  one  class ;  and  this  theory  is  consequently 
rapidly  gaining  ground  among  chemists. 

The  most  powerful  alkaline  bases  are  usually  the  metallic  pro- 
toxides, and  these  combine  with  the  adds  to  form  salts,  in  which 
a  constant  ratio  exists,  in  each  family,  between  the  oxygen  in  the 
acid  and  that  in  the  base.  When  an  add  combines  with  a  base 
which  is  not  the  protoxide  of  a  metal  MO,  but  a  higher  oxide, 
such  as  the  binoxide  MO2,  then  wiU  that  binoxide  be  disposed  to 
unite  with  two  equivalents  of  acid,  and  the  same  ratio  be  retained. 
If,  instead  of  being  combined  with  a  binoxide,  the  acid  be  united 
to  a  sesquioxide,  the  same  relation  is  observed  to  exist,  and  if 
sulphuric  add  be  chosen  for  its  saturation,  the  resulting  salt  will 
have  the  general  formula  M2  O3  4-  3  SOj,  the  ratio  of  one  to  three 
being  still  preserved. 
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When  an  oxybase  is  acted  on  by  a  hydracid,  a  reciprocal 
decomposition  of  the  two  bodies  takes  place.  The  hydrogen  of 
the  hydracid  combines  with  the  oxygen  of  the  base  to  form  water, 
whilst  the  electro-positive  element  of  the  base  unites  with  the 
electro-negative  element  of  the  hydracid  to  form  a  binary  com- 
pound, ooiresponding  in  its  composition  to  the  oxybase  employed. 
Thus  OB  addmg  hyc&ochloric  add  to  soda,  water  and  chloride  of 
sodium  are  formed. 

NaO  +  HCl  =  NaCl  +  HO 

If,  instead  of  soda  we  employ  the  sesquioxide  of  iron,  water 
and  sesqiiichloride  of  iron  will  be  the  result. 

Fe,0,  +  3  HCl  =  Fe,Cl,  +  3  HO. 
The  saturation  of  an  alkali,  with  regard  to  the  coloured  v^etable 
reagents,  may  generally  be  effected  as  completely,  by  means  of  the 
hjdracidis,  as  if  an  oxacid  were  employed  for  that  purpose,  and 
ihe  resulting  compounds  are  foimd  to  possess,  in  every  respect, 
the  characteristic  properties  of  salts.  In  the  case  of  the  hydro- 
aalts,  like  that  of  the  formerly  called  oxy-salts,  the  hydrogen  of 
the  acid  may  be  supposed  to  be  merely  replaced  by  a  metal,  and 
it  is  at  once  evident  that  SO4,  H,  and  CI,  H,  differ,  merely,  in- 
asmuch that  in  the  one  the  first  member  is  a  compound  body, 
while  in  the  other  it  is,  as  &r  as  we  yet  know,  a  simple  element. 

Nearly  all  salts  are  solid  at  ordinary  temperatures.  Those 
which  are  obtained  by  the  combination  of  colourless  acids  with 
colourless  bases  are  themselves  colourless.  The  salts  formed  by 
the  union  of  a  coloured  base  with  the  various  colourless  acids  are 
usually  coloured,  and  when  ciystaUised  are  all  possessed  of  nearly 
the  same  tint  as  the  bases  which  enter  into  their  composition. 
Those  formed  by  the  union  of  the  colourless  bases  with  the 
coloured  acids,  are  most  frequently  coloured,  and  exhibit  for  the 
most  part  the  characteristic  shades  of  the  several  acids  in  their 
free  state. 

Tuic. — The  taste  of  salts  seems  generally  to  depend  rather  on 
the  nature  of  the  base  than  of  the  combined  add.  Thus,  the  salts 
of  soda  possess  a  flavour  usually  known  by  the  name  of  saltness : 
those  of  potash  are  slightly  bitter ;  whilst  the  compounds  of  mag- 
ottia  are  characterised  by  an  insupportable  bitterness.  Some- 
times, however,  the  flavour  of  a  salt  is  considerably  affected  by 
the  nature  of  the  combined  add,  as  in  the  case  of  the  sulphites, 
sulphur  salts,  and  those  formed  by  the  combination  of  some  of 
the  metallic  acids. 

Water  mt  Vn^tmlXbmtimt* — A  large  proportion  of  the  salts  may  be 
obtained  dther  hydrated  or  anhydrous,  according  to  the  circum- 
stances under  which  they  are  prepared.     Many  of  the  soluble 
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salts  are  deposited  from  their  solutions  in  combination  with  a 
certain  quantity  of  water,  which  is  called  water  of  crystallisation. 
The  quantity  of  water  of  crystallisation  contained  in  a  given 
•alt,  when  crystallised  at  the  same  temperatures  and  from  similar 
solutions,  is  always  the  same,  and  possesses  a  constant  simple 
equivalent  ratio  with  regard  to  the  number  of  equivalents  of  add 
and  base  entering  into  the  composition  of  the  salt.  It  therefore 
follows  that  the  water  of  crystallisation  contained  in  a  salt  is 
united  according  to  the  laws  of  definite  proportion,  and  forms  an 
essential  chemi^  element  of  its  composi^on,  which,  if  abstracted, 
will  be  eliminated  according  to  the  same  definite  laws. 

The  hydrated  salts  abandon  their  water  of  crystallisation  when 
strongly  heated ;  and  it  is  found  that  a  constant  amount  of  water 
is  in  the  same  salt  retained  for  similar  temperatures,  although 
when  that  temperature  is  exceeded  another  portion  of  its  water 
is  eliminated,  and  a  less  highly  hydrated  salt  is  obtained.  The 
sulphate  of  manganese  affords  a  remarkable  illustration  of  this 
fact.  When  that  salt  is  allowed  to  crystallise  frt)m  its  solutions 
at  a  temperature  below  48*  Fah.,  its  composition  is  expressed  by 
the  formulaMnO,SOr+-  7  HO.  If  the  crystals  be  obtained  between 
the  temperatures  of  43*  and  68*,  the  salt  MnO,S05+6HO,  will 
be  produced.  On  being  allowed  to  crystallise  between  the  last- 
named  temperature  and  86%  its  composition  will  be  expressed  by 
the  formula  MnO,SOj+4HO.  By  crystallising  at  a  temperature 
between  110^  and  120^,  a  salt  is  obtained  of  which  the  composition 
is  represented  by  MnO,SO,+HO:  and  finally,  on  heating  the 
salt  to  570*,  the  anhydrous  sulphate  of  manganese  MnO,SOs  is 
obtained. 

For  the  purpose  of  determining  the  quantities  of  water  suc- 
cessively abandoned  by  a  salt  at  different  temperatures,  an  oil- 
bath  (fig.  3)  is  usually  employed.  This  consists  of  two  copper 
boxes,  one  of  which  is  so  placed  within  the  other,  that  a  space  of 

about  an  inch  exists  between  them  on 

all  the  sides  except  on  that  in  which 
the  door  is  placed.  Before  using  the 
apparatus,  this  space  is  to  be  filled 
with  oil  by  means  of  a  tubulature,  and 
a  thermometer,  of  which  the  lower  end 
is  immersed  in  the  oil,  should  b^  fitted 
to  the  other  aperture  by  a  perforated 
cork.  This  being  done,  the  bath  is 
supported  ovor  a  gsis  burner  by  an  iron  stand,  a^d  afber  having 
accTirately  weighed  a  certain  quantity  of  the  salt  to  be  operated 
on,  in  a  watch-glass  or  small  capsule,  it  is  heated  to  the  required 
temperature,  as  indicated  by  the  thermometer,  until  repeated 


SOLUBILITY  OF  SALTS.  89 

wmghmgs  show  it  to  bare  ceased  to  lose  weight,  when  the 
difl^renoe  between  the  first  and  last  weighings  necessarily  repre- 
sents the  weight  of  water  lost  by  the  amount  of  salt  operated  on, 
when  heated  to  the  d^ee  note^  on  the  thermomf^  >*.  ' 

When  water,  instead  of  oil,  is  employed  for  the  purpose  of  filling 
tiie  iqipsratus,  it  becomes  a  water-bath,  and  is  employed  for  the 
purpose  of  drying  substances  at  temperatures  inferior  to  212®,  and 
is  therefore  ezt^sively  used  in  our  laboratories,  for  the  estimatiou 
of  the  hygrometric  moisture  contuned  in  substances  to  be  analysed. 

Many  of  the  salts  which  contain  much  water  melt  in  their 
water  dT  erystaUisation  when  heated,  and  undergo  what  is  called 
the  watery  ftision,  in  which  state  it  may  be  regarded  as  being 
dnsohred  m  its  own  water  of  crystallisation.  Should  the  heat  be 
continued,  and  the  salt  not  be  decomposed  at  the  required  tem- 
pentoie,  it  will  ultimately  enter  into  what  is  called  igneous 
Vision,  on  cooline  from  which  state  it  remains  as  anhydrous  salt. 
Many  of  the  anhydrous  salts,  when  strongly  heated,  produce  a 
crackling  noise.  Uommon  salt  NaCl,  possesses  this  property  in  a 
remarkable  degree,  as  may  be  seen  on  throwing  a  small  quantity 
of  this  substance  on  the  fire,  when,  if  in  large  crystals,  it  will  be 
ohsenred  to  break,  and  in  some  instances  to  be  projected  to  a 
considerable  distance  at  the  moment  of  each  detonation.  This 
effect  is  usually  produced  by  small  quantities  of  water  mechanically 
retained  in  the  canties  of  the  crystals,  which,  on  being  heated,  is 
converted  into  steam,  the  expansive  power  of  which  causes  the 
rapture  of  the  salt.  Less  frequently,  however,  this  phenomenon 
is  occasioned  by  the  imperfect  conducting  power  of  the  salt  itself, 
which,  causing  an  unequal  expansion  among  its  particles,  rapidly 
effects  their  division,  and  xdtunate  reduction  to  the  state  of  fine 
powder. 

flrtrtniif  •£  8aiia. — ^The  study  of  the  solubility  of  salts  is  one  of 
the  most  useful  and  interesting  branches  of  chemical  research,  as 
hyfar  the  greater  number  of  methods  employed  to  effect  the 
separation  of  this  class  of  bodies  is  foxmded  on  their  relative  sol- 
ubility in  water.  Many  of  the  salts  are  also  to  a  certain  d^ree 
soluble  in  alcohol  and  pyroligneous  spirit ;  but  this  property  is 
chiefly  confined  to  such  as  are  extremely  soluble  in  water.  The 
solubility  of  a  salt  varies  with  the  temperature  at  which  the 
experiment  has  been  made ;  and  it  is  therefore  necessary,  when 
investigating  this  subject,  to  make  separate  determinations  for 
the  several  points  of  the  thermometric  range. 

In  order  to  ascertain  the  solubility  of  a  salt  at  a  given  tem- 
perature, it  win  be  first  necessary  to  obtain  a  saturate  solution 
at  that  temperature.  This  may  be  effected  in  two  different  ways. 
The  usual  method  of  conducting  the  experiment  is  to  add  a  portion 
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of  the  dissolying  liquor  to  a  great  excess  of  the  salt  to  be  examined, 
and  having  heated  the  mixture  for  at  least  half  an  hour  to  the 
required  point,  the  liquor,  which  by  that  time  will  have  taken  up 
all  the  salt  which  it  is  capable  of  dissolving  at  that  temperature, 
may  be  poured  off,  and  considered  as  saturated.  The  same  result 
may  be  obtained  bv  operating  at  a  higher  temperature  than  that 
at  which  the  solution  is  to  be  effected,  and  afterwards  allowing  the 
liquor  to  cool  down  to  the  required  point,  at  which  it  should  be 
kept  stationary  for  a  considerable  iime.  The  salts  are  usually 
more  soluble  at  high  than  at  low  temperatures,  and  it  therefore 
follows,  that  on  cooling  a  solution  saturated  at  a  higher  point  of 
the  thermometric  range  to  one  which  is  lower  in  the  scale,  a 
certain  portion  will  be  deposited  in  the  solid  form,  whilst  that 
quantity  only  will  remain  in  solution  which  corresponds  to  the 
point  to  which  the  Hquor  has  been  cooled.  Experiment  proves 
that,  with  careM  manipulation,  these  methods  lead  to  results 
perfectly  identical ;  but,  unless  great  care  be  taken  to  prevent 
errors,  the  second  process  is  apt  to  be  fallacious.  This  arises 
from  the  circumstance  that  solutions  of  salts  which  are  more 
soluble  in  warm  than  in  cold  water  possess  the  property,  when 
cooled  down,  without  being  in  contact  with  crystals  of  the  salt' 
which  they  h6ld  in  solution,  of  retaining  a  larger  portion  of 
soHd  matter  than  the  normal  amount  corresponding  to  that  tem- 
perature. This  inconvenience  may,  however,  be  obviated  by  the 
introduction  of  a  small  ciystal  of  the  salt  operated  on  into  the 
saturated  solution,  which  wiU  determine  the  elimination  of  the 
redimdant  salt,  and  deposit  it  in  a  crystalline  form. 

To  determine  the  solubihty  of  a  salt  at  a  given  temperature,  it 
is  necessary  to  ascertain  the  weight  contained  in  a  solution  satu- 
rated at  the  required  point.  This  may  be  done  by  evaporating 
with  proper  precautions  about  1000  grains  of  the  solution  to 
dryness  in  a  platinum  capsule.  On  first  weighing  the  capsule  and 
residue  together,  and  afterwards  deducting  the  weight  of  the 
capsule  from  the  sum,  the  amount  of  dry  salt  contained  in  this 
quantity  of  the  solution  will  be  found. 

K,  then,  we  call  W  the  weight  of  the  solution  submitted  to 
evaporation,  and  w  the  weight  of  anhydrous  salt  found,  (W — w) 
will  be  the  weight  of  the  water  present.  A  weight  represented 
by  (W — to)  of  water,  will  then  dissolve  a  weight,  w,  of  anhydrous 
salt :  consequently,  100  parts  of  water  ^nll  dissolve,  at  a  known 
temperature,  T,  a  quantity  of  anhydrous  salt  represented  by 

w 
100 

If  the  crystallised  salt  contains  water  of  crystallisation,  it 
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becomes  a  question  as  to  what  quantity  of  water,  at  a  given  tem- 
peratare,  T,  will  dissolve  a  stated  weight  of  the  crystallised  salt. 
Let  «■  be  the  weight  of  water  of  crystallisation  combined  with  the 
weight  w,  of  anhydrous  salt  to  form  (w+v)  of  the  hydrated  salt. 
Thai  will  (W — lo — «•)  represent  the  amount  of  water  required  to 
dissolve  the  weight  (w+v)  of  the  hydrated  salt. 

Since,  then,  a  weight  of  water  represented  by  (W — w — »),  will 
diaaolve  a  weight  (w — «•)  of  hydrated  salt  to  form  a  saturated 
solution  at  the  temperature  T,  it  follows  that  100  parts  of  water 
will  foim  a  saturated  solution  at  the  same  temperature  with  the 


weight  100- of  the  hydrated  crystallised  salt ;  and  thus 

100  parts  of  the  same  hydrated  salt  will  be  dissolved  by  the  weight 

W — to — «• 
100 ■  of  water. 

It  not  unfrequently  happens  that  the  amount  of  salt  dissolved 
in  a  given  quantity  of  solution  may  be  more  accurately  and  con- 
veniently determined  by  a  chemical  estimation,  than  by  the  usual 
method  of  evaporating  to  dryness  and  subsequent  weighing.  If, 
for  example,  it  be  required  to  determine  the  weig^ht  of  sulphate  of 
soda  contained  in  a  given  quantity  of  Hquor,  it  may  be  readily 
ascertained  by  adding  chloride  of  barium  to  a  weighed  portion  of 
the  solution  of  the  salt.  The  sulphate  of  baryta  which  is  preci- 
pitated, after  being  collected  on  a  filter  and  washed,  is  calcined  and 
weighed,  and  fix>m  the  result  obtained  the  quantity  of  sulphate  of 
soda  originally  present  in  the  solution  is  easily  deduced. 

Let  W  be  the  weight  of  sulphate  of  baryta  found ;  the  com- 
position of  this  salt  is — 

One  equiv.  Baiyta 76*64 

„        „     Sulphuric  acid 40*00 

„        „     Sulphate  of  baryta    .     .     .     .11664 

It  is,  therefore,  evident  that  a  weight  W,  of  sulphate  of  baiyta 
40 

corresponds  to  W of  sulphuric  acid. 

116*64 

8olphate  of  Soda  is  composed  of — 

One  equiv.  of  soda 30*97 

„        „     Sulphuric  acid        4000 

„        „     Sulphate  of  soda 70*97 
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Conseqaently,  the  weight  of  sulphate  of  soda,  which  corresponds  to 

40 
the  amount  W  — ^^  of  sidphnric  acid,  and  therefore  the  weight 

116-64 
W,  of  sulphate  of  baryta,  may  be  obtained  by  the  proportion — 

40 

40  :  70-97  : :  W :  «. 

116-64 
70-97 

From  which  we  obtain —  x  =  W 

116-64 
This  method  of  determination  may  be  used  for  the  purpose  of 
estimating  any  of  the  sulphates,  whilst  sulphuric  acid  can  be 
similarly  employed  with  regard  to  the  baryta  salts. 

The  solubility  of  the  chlorides  is  easily  ascertained  by  the  addi- 
tion of  nitrate  of  silver,  and  the  subsequent  weighing  of  the  insol- 
uble chloride  formed,  and  conversely  the  solubility  of  the  silver 
salts  may  be  estimated  by  means  of  the  soluble  chlorides. 

It  is  a  remarkable  fact  that  many  salts  are  more  soluble  in  solu- 
tions of  other  salts  than  in  pure  water.  A  solution  of  nitrate  of 
potash,  saturated  at  a  given  temperature,  is  unable  to  dissolve  a 
further  portion  of  this  substance  at  that  temperature ;  but  if  a 
little  common  salt  be  added,  another  portion  of  the  nitnite  is  dis- 
solved. The  solubility  of  nitrate  of  potash  is,  on  the  contrary, 
weaker  ia  solution  of  chloride  of  potassium  than  in  water,  and  the 
addition  of  this  substance  to  saturated  solutions  of  nitre  frequently 
gives  rise  to  the  precipitation  of  minute  crystals  of  the  latter  salt. 

Actt^n  •f  Adds  Ml  the  Salts. — ^When  the  acid  which  is  made  to 
act  on  a  salt  is  the  same  as  that  contained  in  the  salt  itself,  it 
frequently  combines  with  a  further  portion  of  acid,  and  becomes  an 
acid  salt.  Thus,  if  an  excess  of  sulphuric  acid  be  added  to  sul- 
phate of  potash  KO,SOs,  the  acid  bisulphate  of  that  base  KO, 
2  SOj,  is  formed.  In  the  same  way,  if  a  current  of  carbonic  acid 
be  passed  through  a  solution  of  neutral  carbonate  of  potash  KO, 
CO2,  another  equivalent  of  that  acid  is  absorbed,  and  the  bi- 
carbonate of  potash  KO,  2  00^,  is  produced. 

If  the  salt  is  incapable  of  forming  fresh  combinations  with 
further  portions  of  the  acid,  it  usually  merely  dissolves  in  the 
excess,  particularly  if  the  acid  be  mixed  with  a  considerable  amount 
of  water. 

When  the  acid  which  is  made  to  react  on  the  salt  is  different 
fromi  that  which  is  already  combined  with  its  base,  decomposition 
takes  place  under  each  of  the  following  circumstances.  If  the 
salt  be  soluble  in  water,  and  an  acid  be  added,  which,  by  uniting 
with  its  base,  is  capable  of  forming  a  compound  insoluble  in  that 
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mensiramn,  the  insoluble  salt  will  be  produced,  and  the  acid  at 
first  combined  with  the  base  wOl  be  eliminated  in  the  free  state. 

When  sulphuric  acid  is  poured  into  a  solution  of  nitrate  of 
bttyta,  a  precipitate  of  insoluble  sulphi^^  of  baryta  is  immediately 
foimed,  and  the  nitric  acid  remains  in  an  uncombined  state  in  the 
fiquor. 

If  the  salts  formed  by  the  union  of  the  base  with  each  of  the 
acids  present  are  equally  soluble  in  water,  it  is  usually  impossible 
to  decide  with  which  of  the  acids  the  base  is  combined  in  the 
solution.  But  if  the  salt  formed  by  the  second  acid  is  less  soluble 
than  that  produced  by  the  first,  the  decomposition  may  invariably 
be  eflEected  by  evaporating  the  hquor  to  the  point  at  which  the 
second  can  no  longer  be  held  in  solution,  when  it  is  deposited  as 
an  insoluble  salt,  according  to  the  law  above  given,  as  the  salt  is 
really  insoluble  in  the  hquor  at  the  state  of  concentration  at  which 
it  was  deposited. 

If  sulphuric  add  be  poured  into  a  solution  of  nitrate  of  potash 
it  the  ardinaiy  temperature  of  the  atmosphere,  no  decomposition 
wiU  apparently  take  place ;  but  if  the  Hquor  be  evaporated  by  the 
aid  of  heat,  a  predpitate  of  sulphate  of  potash  is  obtained,  that 
salt  being  less  soluble  than  the  nitrate  at  elevated  temperatures. 
The  nitnte  of  potash  is,  on  the  contrary,  less  soluble  than  the 
su^hate  at  low  temperatures,  as  nitric  add  is  capable  of  decom- 
posing the  sulphate  of  that  base  at  82^  Fah. ;  and  it  is  therefore 
evident  that  the  action  of  adds  on  the  salts  is  materially  influenced 
by  the  temperature  of  the  solutions  in  which  they  are  brought  into 
contact  with  each  other. 

The  decompodtion  of  a  salt  by  an  add  is  sometimes  determined 
by  the  insolubility  of  the  acid  which  it  contains.  Boradc  add, 
which  is  but  slightly  soluble  in  water,  is  ehminated  from  its  com- 
binations with  tiie  bases  on  the  addition  of  one  of  the  stronger 
acids  to  their  solutions.  K  to  a  concentrated  solution  of  borax 
we  add  dther  sulphuric  or  nitric  add,  a  precipitate  of  boradc  add, 
in  the  form  of  pearly  crystalline  plates,  is  immediately  produced, 
whilst  sulphate  or  nitrate  of  soda  remains  in  solution. 

All  the  salts  may  be  decomposed  by  the  addition  of  a  less  volatile 
add  than  that  which  is  contained  in  the  salt  itself.  Carbonic 
add,  which  is  gaseous  at  ordinary  temperatures,  is  but  slightly 
•olable  in  water,  and  is  therefore  readily  displaced  by  nitric  acid, 
even  in  the  cold,  as  this  add  is  not  only  a  hquid,  boiling  at  a  tem- 
poatore  above  212^  Fah.,  but  is  also  extremelv  soluble  in  water. 
Concentrated  sulphuric  add  enters  into  ebulhtion  at  617*  Fah., 
and  consequently  has  the  power  of  decomposing  the  nitrates  at 
ovdhuuy  temperatures.  Phosphoric  add  is  still  less  volatile  than 
solphnric  add,  and  readily  replaces  it  when  heated  with  its  salts: 
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and,  finally,  silicic  acid,  which  is  again  more  stable  than  any  of  the 
preceding,  completely  decomposes  the  phosphates  when  brought 
in  contact  with  them  at  very  elevated  temperatures. 

When  a  salt  containing  a  gaseous  acid  which  is  but  slightly 
soluble  in  water  is  acted  on  by  another  gaseous  acid  possessing 
similar  properties,  and  having  at  the  same  time  about  an  equal 
affinity  for  the  base  of  the  salt  as  the  acid  with  which  it  is  com- 
bined, that  acid  which  is  present  in  the  greater  proportion  will 
invariably  eliminate  the  other.  In  this  way,  if  a  current  of  car- 
bonic acid  be  passed  for  a  considerable  time  through  a  solution  of 
an  aJkalioe  sulphide,  the  whole  of  the  hydrosulphuric  acid  will 
eventually  be  ezpeUed,  and  a  pure  carbonate  of  the  alkali  be 
formed.  On  the  other  hand,  if  a  current  of  sulphuretted  hydrogen 
be  passed  through  a  solution  of  an  alkaline  carbonate,  carbonic 
acid  will  be  evolved,  and  a  pure  sulphide  of  the  alkaline  metal 
ultimately  obtained. 

ActiMi  •f  Bases  •!!  the  Salts. — ^When  a  further  quantity  of  the 
base  which  it  already  contains  is  added  to  the  solution  of  a  salt, 
it  frequently  happens  that  no  chemical  change  ensues.  This 
is  always  the  case  when  the  combined  acid  is  incapable  of  forming 
with  the  base  a  more  basic  salt  than  that  originally  operated  on. 
If  to  a  solution  of  sulphate  of  potash  we  add  a  ^irther  quantity  of 
that  alkali,  and  afterwards  evaporate  to  dryness,  the  ori^al  sul- 
phate of  potash  will  again  crystallise  without  having  combmed  with 
any  forther  portion  of  the  additional  base.  Sometimes,  however,  a 
new  compound  is  formed.  Potash,  added  to  a  solution  of  bisul- 
phate  of  that  alkali,  will  be  found  to  yield  crystals  of  the  neutral 
sulphate  of  that  base ;  and  if  a  quantity  of  oxide  of  lead  be  added 
to  a  solution  of  neutral  acetate  of  the  oxide  of  that  metal,  a  basic 
acetate  of  lead  will  be  obtained. 

When  the  base  which  is  added  to  the  solution  of  a  salt  is 
different  from  that  which  it  already  contains,  decomposition, 
attended  with  the  formation  of  a  new  salt,  often  takes  place.  This 
change  is  dependent  on  circumstances  analogous  to  those  which 
determine  the  action  of  acids  on  the  salts.  The  soluble  salts  are 
generally  decomposed  when  the  acid  added  to  its  solution  is  capable 
of  forming  an  insoluble  compound  with  its  base.  Thus  the  addi- 
tion of  baryta  to  a  solution  of  sulphate  of  potash  determines  the 
precipitation  of  sulphate  of  baryta,  and  caustic  potash  remains  in 
solution.  In  the  same  way,  baryta  causes  the  decomposition  of 
carbonate  of  potash  when  brought  into  contact  with  weak  solution 
of  that  substance ;  insoluble  carbonate  of  baryta  is  formed,  and 
caustic  potash  remains  in  the  Hquor.  The  state  of  concentration 
of  the  alkaline  solution  has,  however,  a  great  influence  on  the 
nature  and  extent  of  the  changes  effected, — as  on  boiling  the 
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carbonate  of  baryta  with  a  concentrated  solutioa  of  potash,  a 
considerable  amount  of  the  carbonate  of  that  alkali  is  obtained, 
attended  with  the  formation  of  a  corresponding  poition  of  caustic 
baiyta. 

Sometunes  the  decomposition  is  effected  by  the  insolubility  of 
tiie  base  contained  in  the  salt.  If  a  solution  of  potash  be  added 
to  a  liquid  containing  nitrate  of  copper,  the  hydrated  oxide  of  this 
metal  is  at  once  precipitated ;  and  the  same  takes  place  with  regard 
to  all  the  insoluble  metallic  oxides  when  their  salts  are  similarly 
treated.  It  is,  however,  necessary  to  remark  that  the  decompo- 
sition of  the  metaUic  salts  by  the  alkalies  does  not  entirely  depend 
on  the  insolubility  of  the  oxides  of  the  metals,  but  is  in  dl  proba- 
Irility  in  a  great  d^;ree  influenced  by  the  superior  affinity  possessed 
by  the  alkalies  for  the  adds  forming  the  electro-n^ative  con- 
stituents of  the  salts  operated  on. 

It  not  unfrequently  happens  that  an  insoluble  metallic  oxide 
decomposes  a  salt  formed  by  a  base  which  is  also  insoluble.  Oxide 
of  silyer,  added  to  a  solution  of  nitrate  of  copper,  effects  the  decom- 
position of  that  salt ;  nitrate  of  silver  is  produced,  and  the  oxide 
of  copper  is  precipitated.  In  this  case  the  decomposition  is  not 
eflSjcted  by  the  greater  solubility  of  the  oxide  of  silver,  but  is  the 
result  of  ihe  preponderating  aflBnity  of  the  oxide  of  silver  for  the 
fiitric  acid  present  in  the  salt. 

When  the  base  ot  a  salt  is  volatile,  it  is  usually  expelled  by  those 
bases  which  are  fixed  at  the  temperatures  by  which  the  first  are 
eliminated.  Thus  limo  easily  expels  ammonia  from  its  combina- 
tions ;  and  the  same  efltct  is  produced  under  the  influence  of  heat 
by  the  other  metallic  oxides,  although  in  many  cases  they  are  pre- 
*.  from  the  solutions  of  their  salts  on  the  addition  of  this 


ActtoB  •€  the  Salts  •!!  caek  otber. — The  mixture  of  different 
saHs  gives  rise  to  various  phenomena.  Sometimes  they  combine, 
and  form  double  salts.  Sulphate  -of  alumina  combines  with  sul- 
phate ofpotash,  and  forms  a  double  salt  known  by  the  name  of 
alum.  Chloride  of  potassium  combines  with  perchloride  of  plati- 
nmn,  and  yields  a  crystalline  double  chloride  of  platinum  and  potas- 
dam.  At  other  times  no  apparent  reaction  takes  place  between 
the  two  salts ;  and  on  evaporating  the  solution,  the  salts  at  first 
dissolved  are  again  obtained. 

More  frequently,  however,  mutual  decomposition  of  the  mixed 
lalts  ensues,  and  others  are  produced  totally  different  in  many  of 
their  characters  fix)m  those  originally  presei^t. 

When  two  neutral  salts  mutually  decompose  each  other,  salts 
we  obtained  which  are  themselves  also  neutr^.  This,  with  many 
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other  pnmoipleB  reMive  to  the  double  decomposition  of  the  salts, 
and  the  aationrof  tbe\  acids  and  bases  on  this  class  of  compounds, 
are  known  by  1)be  name  of  the  laws  of  Berthollet,  and  are  of  con- 
stant appUcation  in  the  chemical  arts. 

Mvoud  mtOmm  •f  flalliM  m^mOmtm  mm  CMk  fharb — When  the 
solutions  of  the  salts,  which  by  the  mutual  interchange  of  their 
acids  and  bases  are  capable  of  producing  an  insoluble  salt,  are 
mixed  together,  this  decomposition  invariably  takes  place,  and  the 
insoluble  salt  is  precipitated.  If  a  solution  of  sulphate  of  soda  be 
poured  into  a  solution  of  nitrate  of  baryta,  insoluble  sulphate  of 
baryta  will  be  precipitated,  and  nitrate  of  soda  remains  dissolved 
in  the  liquor. 

NaO,  SO,+BaO,  NO*=BaO,  SO,+NaO,  NO,. 

In  the  same  way,  if  a  solution  of  carbonate  of  soda  be  poured 
into  a  solution  of  cMoride  of  calcium,  carbonate  of  lime  will  be  pre- 
cipitated, and  soluble  chloride  of  sodium  formed. 

NaO,  CO,+  CaCl=CaO,  CO,+Naa. 

In  order  that  mutual  decomposition  should  take  place  between 
two  salts,  it  is  not  necessary  that  by  an  interchange  of  elements 
they  should  be  capable  of  forming  an  insoluble  compound,  but 
merely  that  they  should  give  rise,  under  certainsircumstances,  to 
a  salt  less  soluble  than  either  of  those  originally  brought  in  pre- 
sence of  each  other.  If,  for  example,  we  add  a  solution  of  chloride 
of  potassium  to  another  of  nitrate  of  soda,  and  evaporate  the  mix- 
tare  at  a  low  temperature,  the  two  proxir.iate  salts  separate ;  the 
chloride  of  potassium  crystallises  out,  and  the  nitrate  of  soda 
remains  in  solution.  If,  on  the  cont^*'  ry,  the  solution  be  evapo- 
rated at  the  temperature  of  ebulUtioil)  a  double  decomposition  takes 
place ;  chloride  of  sodium,  which  at  this  temperature  is  the  least 
soluble  salt  which  can  be  produced  by  the  combination  of  the  acids 
and  alkalies  present,  is  deposited,  and  nitrate  of  potash  remains  in 
the  liquor,  which  on  being  decanted  deposits  crystals  of  nitre  on 
cooling. 

The  insoluble  salts  ma^  frequently  be  decomposed  by  boiling 
during  a  long  time  in  solutions  of  those  which  are  more  soluble. 
This  may  always  be  effected  when  the  base  of  the  primitive  insol- 
uble salt  is  capable  of  forming  another  insoluble  salt  with  the 
acid  of  that  which  ia^made  to  act  upon  it.  Thus  the  insol- 
uble salts  formed  by  baryta,  strontia,  and  lime, — such  as  the 
sulphates  of  baryta  ar^l  strontia,  and  the  phosphates  and  arseniates 
of  baryta,  strontia,  adrl  lime, — are  decomposed  by  boiling  with  a 
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Bohition  of  carbonate  of  potash  or  soda.  The  carbonates  of  baryta, 
atrontia,  and  lime,  are  formed,  and  the  alkaline  base  remains  in 
solution,  oombinei  with  the  add  of  the  original  insoluble  salt 
operated  on.  It  is,  however,  neoessarj  to  employ  a  large  excess  of 
the  alkaline  carbonate  to  effect  this  object,  as  otherwise  the  decom- 
position will  be  foond  to  be  incomplete.  If,  instead  of  making  the 
salts  react  on  each  other  in  the  state  of  solution,  they  are  i^ised 
together  by  the  aid  of  he^t,  this  decomposition  will  not  only  take 
place  with  greater  rapidity,  but  the  operation  will  also  be  found  to 
We  more  completely  succeeded  than  in  the  former  case.  When 
this  latter  method  is  employed,  the  fused  mass  should  be  sub- 
sequently treated  with  water,  when  the  soluble  salt  will  be 
dinolved,  whilst  that  which  is  insoluble  may  be  separated  by 
filtration. 

AtUmm  m€  Sate  •n  cMk  oAer  hj  the  dry  war* — ^When  the 
salts  formed  by  the  combination  of  the  same  acid  with  two 
different  bases  are  strongly  heated  together,  it  frequently  hap- 
pens that  they  combine  in  definite  proportions,  forming  a  double 
salt,  which  crystallises  during  the  cooling  of  the  mass.  In 
this  way  many  of  the  double  silicates  are  obtained,  which  are 
not  only  foimd  to  be  combined  in  definite  proportion,  but  also  to 
correspond  in  every  respect  to  those  product  by  the  hand  of 
Nature. 

The  double  ch^'^ndes,  and  many  other  double  salts,  may  be 
produced  in  the  sajie  way;  but  it  ofben  happens  that  in  at- 
tempting to  obtain  them  afterwards  in  a  state  of  solution,  decom- 
position again  takes  place,  attended  with  the  reproduction  of  the 
original  salts.  If  two  salts  formed  by  the  union  of  two  different 
adds  and  bases  are  heated  together,  and  are,  by  the  mutual  ex- 
change of  their  acids  and  ^^ises,  capable  of  forming  a  salt  more 
Tola^e  than  either  of  those  riginally  present,  this  circimistance 
UBuaDy  determines  the  formation  and  elimination  of  the  more 
Tolatrfe  compound.  When  chloride  of  anunonium  is  heated  with 
carbonate  of  lime,  chloride  of  calcimn  and  carbonate  of  anmionia  are 
formed,  which  is  a  salt  far  more  volatile  than  either  of  those  origi- 
oaOy  present,  and  consequently  escapes  in  the  form  of  vapour,  while 
the  chloride  of  calcium  remains  in  the  crucible.  For  the  same 
reason,  if  chloride  of  calcium  be  heated  with  sulphate  of  ammonia, 
chloride  of  ammonium  is  driven  off,  and  sulphate  of  lime  is  lefb. 
It  moreover  frequently  happens  that  the  reactions  obtained  by 
strongly  heating  a  nuxture  of  two  salts  in  the  dry  way  yield 
lesolte  exactly  the  opposite  of  those  found  by  the  hxunid  treatment 
of  a  mixture  of  the  same  compounds.  Thus  it  has  been  just  stated 
that  on  heating  a  mixture  of  chloride  of  amm.  nium  and  carbonate 
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of  lime,  carbonate  of  ammonia  and  chloride  of  calcium  are  pro- 
duced ;  whilst,  on  the  contrary,  a  precipitate  of  carbonate  of  lime 
is  obtained  by  pouring  a  solution  of  carbonate  of  aomioma  into 
one  of  chloride  of  calcium.  In  the  first  case,  the  decomposition  is 
effected  by  the  volatility  of  the  carbonate  of  ammonia ;  and  in  the 
second  instance  by  the  insolubility  of  the  carbonate  of  lime. 


(49) 


CETSTALLOaRAJHT. 

A  suFEBTiciAii  observer,  on  exanmiing  the  varioiifl  solid  bodies 
met  witii  in  the  mineral  kingdom,  mil  be  inclined  to  coBBider 
their  nmnerouB  and  different  forms  as  the  result  of  chance,  and 
will  fidl  to  observe  among  the  pro^ion  of  ciystals  which  every- 
where present  themselves  any  fixed  laws  more  or  less  affecting  the 
oonformation  and  determining  the  structure  of  the  whole.  On  a 
more  attentive  inspection,  however,  it  wiH  be  found  that  the  greater 
portion  of  them  are  susc^)tible  of  assuming,  under  certain  drcum- 
stttioes,  regular  geometrical  forms,  which  are  perfectly  identical  in 
tiie  various  specunens  of  the  same  species ;  and  that  many  sub- 
stsnoes  that  present  in  their  exterior  appearance  no  evidence 
of  crystallisatioa,  expose,  when  broken,  a  distinctly  crystallino 
tftnietoie. 

These  rudimentary  crystals  are  frequently  so  small  as  not  to  be 
^tinguishable  without  the  aid  of  a  lens ;  and  we  may  conse- 
quently infer  that  others  exist  so  exceedingly  minute  as  altogether 
io  easipe  our  observation. 

By  far  the  greater  number  of  mineral  bodies  possess  this  crys» 
ttlHne  structure ;  and  there  are  but  few  substances  which,  imder 
isToorable  circuxnstanceB,  do  not  evince  a  disposition  to  assume  a 
oyBtaUine  form. 

The  larger  proportion  of  the  compounds  which  we  produce  in 
Qor  kboratories  are  capable  of  crystaUising,  or,  in  other  words,  of 
MRoning  the  above-mentioned  regular  geometrical  forms ;  and  it  is 
Either  observed  that  when  these  are  produced  under  precisely 
fimibr  drcmnstances,  those  obtained  from  the  same  substance  are 
i&  every  respect  identical.  This  property  of  crystalline  bodies 
^Satdg  a  ready  means  of  classifying  mineral  substances,  and  often 
Indg  its  aid  to  the  chemist  in  determining  their  true  constitution. 

The  forms  assumed  by  the  different  minerals  and  salts  occurring 
in  nature  appear  at  first  sight  infinitely  variable,  and  independent 
o^all  filed  principles :  but  by  attentively  studying  a  great  number 
^  crystals,  and  their  progressive  derivations,  certain  laws  have 
been  diseovered  which  materially  reduce  the  number  of  ultimate 
(bnitt. 

bit^.  All  these  polyhedrons  are  terminated  by  plane  &ces. 

E 
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2dly.  These  faces  are  sjstematically  ammged,  with  regaid  to 
each  other,  and  to  imaginary  lines  called  axes. 

In  the  square  prismatic  system,  for  example,  the  two  bases  are 
perpendicular  to  the  principal  axis,  whilst  the  other  faces  are 
panJlel  to  that  line. 

In  pyramids  the  &oes  are  all  equally  inclined  on  the  axis. 

8dly.  The  faces  of  crystals  aee  for  the  most  part  parallel  two 

two. 

4thly.  The  angles  of  crystals  are  always  projecting,  and  never 
retreatmg. 

These  general  laws  sometimes  present  apparent  anomalies ;  but 
a  slight  examination  of  the  seeming  exceptions  is  usually  sufficient 
to  dSscover  their  causes. 

It  is  frequently  observed  in  the  diamond  that  its  fjBices  are  a 
series  of  curved  planes.  This  is  mostly  occasioned  by  the  great 
number  of  modifications  existing  on  the  various  angles  and  edges 
of  the  crystal,  and  which  give  at  first  sight  a  carved  appearance 
to  the  di&rent  lines  which  bound  the  solid.  Sometimes,  how- 
ever, the  faces  of  the  diamond  are  in  reality  formed  of  curved 
planes ;  but  this  probably  arises  from  the  peculiar  drcumstanoes 
under  which  the  crystal  was  formed,  and  which  apparently  did 
not  permit  of  it  taking  its  normal  extension  in  certun  directions. 

This  convexity,  although  peculiar  to  some  particular  roecimens, 
in  no  way  affects  others  of  the  same  species, — as,  although  ciystals 
of  the  diamond  are  sometimes  found  having  somewhat  of  a  sphe- 
roidal form,  yet  a  vast  many  more  are  met  with  which  are  bounded 
by  plane  fisuies ;  and  we  therefore  find  that  the  rounded  specimens 
are  the  exceptions,  and  not  the  rule,  and  may  consequently  be 
regarded  as  a  sort  of  deformity  of  the  original  crystal. 

Many  crystalhne  minerals  and  mineral  salts  afford  examples  of 
apparently  retreating  angles.  The  crystals  of  peroxide  of  1m  pre- 
sent this  appearance  so  frequently,  that  its  occurrence  affords  one 
of  the  best  characteristics  by  which  to  recognise  that  mineral. 

On  careM  examination,  however,  it  will  be  found  that  those 
crystals  which  appear  to  have  retreating  angles  are  not  in  reality 
the  crystal,  but  two ;  and  that  the  indented  angle  is  merely  the 
result  of  the  meeting  and  impenetration  of  two  individuals,  giving 
rise  to  a  compound  crystal.  The  plane  of  junction  of  the  two 
crystals  is  usually  parallel  to  one  of  the  hcea  of  the  simple  crystal, 
or  to  one  of  its  dii^nal  planes. 

ciMTBge. — Crystels,  on  being  struck  with  any  hard  substance, 
divide  with  greater  h/^tj  in  certain  directions  than  in  others  ; 
and  this  property,  which  is  called  their  cleavage,  is  ofben  made  use 
of  to  expedite  the  cutting  and  grinding  of  the  precious  stones  for 
the  purposes  of  ornament. 
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The  cleaTBge  of  crystals,  like  their  forms,  is  r^^lated  by  certam 
general  laws,  which,  although  less  absolute  than  those  of  crystal- 
Esation,  are  nevertheless  of  great  assistance  in  distinguishing  the 
Tuious  substances  which  exhibit  this  property. 

Istly.  In  the  same  mineral,  the  cleavages  are  always  disposed 
in  a  similar  way,  and  form  angles  having  a  constant  value  between 
themselyes,  as  also  with  the  &ces  of  the  crystal. 

2dly.  When  a  crystal  presents  cleavages  in  three  different  direc- 
tions, they  constitute  by  their  reunion  a  solid,  which  constantly 
exhibits  ihe  same  angles  for  the  same  species,  and  therefore  affords 
a  ready  means  for  their  recognition. 

8dly.  When  a  mineral  possesses  more  than  three  cleavages,  they 
are  divided  into  two  classes.  The  one  is  known  by  the  name  of 
pnndpal,  and  the  other  of  supplementary  cleavages. 

The  supplementary  cleavages,  although  not  so  easily  discovered 
as  the  principal,  nevertheless  act  an  important  part  in  the  classi- 
fication and  distinction  of  the  substances  which  possess  that  pro- 
perty. They  are  usually  placed  parallel  to  certain  planes  of  the 
oystal, — such  as  those  which  unite  a  solid  angle  to  that  which 
is  opposite. 

4thly.  In  the  same  substances,  the  cleavages  are  ordinarily  not 
equally  distinct,  and  this  distinctness  has  itself  a  certain  relation 
with  the  nature  of  the  faces  of  the  crystal. 

For  instance,  the  cleavage  which  exists  in  the  direction  of  the 
hase  in  crystals  belonging  to  the  square  prismatic  system  is  of  a 
different  order  from  i£o8e  which  are  parallel  to  the  vertical  faces, 
and  which  are  both  equally  well  defined. 

If  we  take  as  an  example  the  rhomboidal  prism,  fig.  4,  of  which 
each  of  the  three  faces  are  of  a  different  order,  its 
three  cleavages  will  also  be  found  to  be  different. 
That  which  takes  place  parallel  to  the  face,  p,  is  more 
distinct,  and  more  readily  developed,  than  that  which 
Mlows  the  face,  g;   and  this  in  its  turn  is  more 
decided  than  that  parallel  to  the  face,  H.    This  rela- 
tive  fiuality  of  cleavage  will  invariably  be  observed 
in  the  same  substance,  appearing  to  form  a  species 
of  organisation  in  these  inorganic  bodies,  and  at  the 
ttme  time  shows  the  intimate  nature  of  the  relation  existing 
h«tween  the  number  and  nature  of  the  cleavages  possessed  by  a 
ivhstanoe,  and  the  form  of  its  crystals. 

In  certain  minerals,  such  as  sulphate  of  lime,  the  cleavage  may 
he  effiscted  with  the  greatest  ease,  and  transparent  nacreous  platas 
tte  readily  separated,  either  by  a  knife,  or  by  the  use  of  the  nail 
alooe.  This  extreme  fecility  is,  however,  very  rare ;  and  it  seldom 
happoos  that  the  cleavage  of  a  mineral  can  be  determined  without 
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the  use  of  considerable  force.  The  best  method  of  doing  this,  is 
to  place  a  chisel  or  some  other  sharp  instrument  in  the  presumed 
direction  of  the  required  cleavage,  and  then  striking  it  with  a 
hammer  or  mallet. 

The  cleavage  of  many  crystalline  bodies  can  only  be  determined 
on  closely  eTamining  their  structure  by  the  aid  of  a  strong  trans- 
mitted light ;  on  doing  which,  a  series  of  parallel  hnes  naturally 
drawn  on  the  fiices  of  the  crystal  will  be  observed.  K  a  sharp 
instrument  be  now  pressed  on  the  surface  of  the  crystal  with 
its  edge  parallel  to  the  direction  of  those  fines,  the  cleavage 
may,  in  most  instances,  be  readily  effected  by  a  Uow  struck  on 
the  back. 

FriMjUve  •»«  Bur— iniy  Wmwrnm^-r-Bj  extending  the  idea  of 
cleavages  to  those  minerals  which  do  not  appear  to  possess  that 
property,  it  is  easy  to  conceive  that  every  crystal  contains  a  sort  of 
central  nucleus,  around  which  its  faces  are  systematically  placed. 
This  central  foundation,  which  is  purely  hypothetical,  is  (billed  the 
primitive  form  of  the  crystal ;  and  the  secondary  forms  are  those 
which  are  derived  from  it  by  the  apparent  modification  of  its 
angles  and  edges.  The  reunion  of  the  laws,  according  to  which 
the  secondary  faces  are  derived  from  the  primitive  form,  is  called 
the  crystalline  system. 

CryiiiaiiKe  Syatemi — It  is  necessary  to  distinguish  between  the 
crystalline  system  and  the  primitive  form.  The  right  rhombic 
pnsm,  for  example,  is  a  crystalline  system;  but  the  rhombic 
prism,  under  the  angle  101^  42',  is  the  primitive  form  of  sulphate 
of  baiyta ;  whilst  that  under  the  angle  104jo  is  the  primitive  form 
of  sulphate  of  strontia. 

The  sulphates  of  baryta  and  strontia  consequently  crystallise  in 
the  same  systems ;  but  as  the  angles  of  the  hypothetic  radicals 
possess  different  values,  their  primitive  forms  are  necessarily 
different. 

OoTcmiag  v^HMSi — Among  the  various  forms  assumed  by  the 
crystals  of  a  mineral  substance,  two  or  three  are  invariably  the 
most  common,  and  in  almost  all  cases  communicate  their  general 
appearance  to  all  the  crystals  of  that  body.  Thus  the  crystals  of 
fluoride  of  calcium,  although  frequently  exhibiting  very  numerous 
modifications,  possess  the  general  forms  of  the  cube  and  the  octa- 
hedron, although  in  many  instances  the  angles  and  edges  are  modi- 
fied by  almost  innumerable  facettes  belonging  to  some  of  their 
derived  forms.  The  governing  forms  are  usually  either  the  primi- 
tive form  of  the  crystal,  or  one  or  two  of  its  more  simple  modi- 
fications, although  some  instances  occur  in  which  their  derivations 
are  much  more  complicated. 

The  terms  employed  in  the  description  of  crystals  are  the  sajne 
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m  those  ordinarilj  used  in  geometij,  witli  the  exception  of  a  Teiy 
few,  which  are  peciiliar  to  crvstallography. 

When  the  kuse  of  the  prism,  fig.  5,  is  replaced  by  two  feces, 
e*,  e*,  it  is  said  to  be  surmoonted  by  a  bevehni^tit. 
I^  instead  of  two  faces  being  placed  on  the  base, 
SBTeral  phmes  exist  which  intersect  each  other  in  a 
giTen  point,  the  base  of  the  prism  is  said  to  be  termi- 
Btted  in  a  point. 

When  the  angles  or  edges  of  a  crystal  present  the 
sppearanoe  of  being  cut  away,  and  are  replaced  by 
pume  &ce8,  which,  nevertheless,  do  not  affect  the 
general  form  of  the  body,  they  are  said  to  be  tnm-  '*' 

Gated,  and  the  crystal  is  then  in  a  sort  of  transition  state  from  the 
goTerning  form  to  another  more  or  less  complicate. 

i^w»  9t  mfwtamttn — These  laws,  which  were  first  discovered  by 
Hatty,  regtilate  the  passage  of  crystalB  fi'om  one  form  to  another. 
AAxnding  to  these  laws,  IS  a  modification  exists  on  any  part  of  a 
(sjstal,  the  same  modification  should  present  itself  in  all  its  other 
■inilarpartB.    The  figures 

6  and  7  will  serve  to  ex-    -jKf?S^ 

plain  this  idea.    Fig.Bre-    r^2S^JSh       A 

presents  a  six-sided  regular 

prism,  which  is  composed 

of  three  distmct  kinds  of 

ekments. 

My.  lyelve  horizontal 
edges  belongingto  thebase, 
equal  among  iSiemselves,  and  similarly  situated  with  regard  to  the 
aig  of  the  crystal. 

2dly.  Twelve  solid  angles  disposed  in  the  same  manner. 

3dly.  Six  vertical  edges. 

The  twelve  angles  and  twelve  edges  of  the  base  are  replaced  by 
two  aeries  of  &cettes,  so  disposed  that  those  marked  ^ ,  placed  on 
Ae  horizontal  edges,  form  equal  angles  with  the  base,  whilst  the 
^eettes  a*,  placed  on  the  angles,  are  also  similarly  disposed. 

It  win  be  remiffked  that  the  vertical  edges  of  the  prism,  which 
Wong  to  a  tl^  order  of  elements,  have  not  been  modified, 
ikhongh  this  might  have  occurred  by  the  application  of  a  third 
ofoof&cettes. 

The  cube,  fig.  7,  offers  another  example  of  the  laws  of  symmetry. 
Iti  ax  faces  are  placed  tangentially  on  the  six  solid  angles  of  the 
octahedron ;  and  the  angles  which  they  form  with  the  faces  of  the 
Pt^jhedron  have  all  an  equal  value.  In  fact,  the  modification 
wluch  takes  place  in  crystals,  being  the  result  of  certain  forces 
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which  oblige  the  molecules  of  which  the  body  consists  to  assume  a 
ciystalline  form,  it  follows  that  they  should  act  in  the  same  man- 
ner on  similar  parts  of  the  same  crystal. 

BeMihedbrai  Cryateu. — ^These  laws  sometimes  present  oertain 
apparent  exceptions.  Thus  the  crystals  of  boracite,  whicb  crys- 
tallise in  the  cubic  system,  are  only  modified  on  each  of  their 
alternate  solid  angles.  HaUy  remarked  that  this  property  had  a 
constant  relation  with  the  electro-polarity  of  the  crystal,  and  con- 
cluded that  those  angles  which  correspond  to  the  poles  of  the 
crystal  were  not  modified.  This  supposition  would  seem  to  be 
verified  with  regard  to  the  tourmaline  and  silicate  of  zinc ;  but 
iron  pyrites,  and  some  other  minerals  which  are  not  possessed  of 
electric  properties,  present  the  same  anomaly. 

or  the  CiyalalllKe  SjataMi  and  their  Wwaeiamm  REedUicMtleMS. — 
The  same  mineral  frequently  assumes  various,  and  sometimes  very 
dissimilar  forms ;  but  all  substances  identical  in  their  chemical 
composition  are  found  in  forms  derived  from  the  same  crystaJlo- 
graphic  radical. 

Substances  differing  in  their  chemical  composition  possess  dis- 
tinct primitive  forms.  These  forms  are,  however,  not  unfr^equently 
analogous,  and  only  differ  from  each  other  in  the  measurement  of 
their  angles.  Sometimes,  on  the  contrary,  they  differ  entirely  in 
the  arrangement  of  their  planes,  edges,  and  angles,  and  in  this 
latter  case  are  said  to  belong  to  different  crystalline  systems. 
These  systems  are  six  in  number,  and  comprehend  every  descrip- 
tion of  crystallised  body  which  can  possibly  occur,  either  in  nature 
or  in  the  laboratory  of  the  chemist. 

According  to  the  definition  which  has  been  given  of  a  crystal,  it 
is  necessary  that  its  faces  should  be  systematically  arranged,  either 
wholly  or  by  groups,  around  an  imaginary  line  called  an  axis.  In 
order,  then,  to  establish  the  number  of  crystalline  systems,  it  will 
be  sufficient  to  discover  the  different  arrangements  which  may  be 
assumed  by  planes  obe3ring  the  laws  of  symmetry  around  three 
axes  which  cross  each  other  in  a  given  point  in  space. 

We  may,  in  the  first  place,  suppose  that,  the  three  axes  intersect 
each  other  at  right  angles ;  or  one  of  them  may  form  a  right  angle 
with  the  two  others,  which  may'^themselves  intersect  at  an  oblique 
angle.  Again,  an  axis  may  be  perpendicular  to  one  only  of  the 
other  axes,  which,  as  in  the  preceding  instance,  intersect  at  an 
oblique  angle.  And,  lastly,  the  whole  three  axes  may  intersect 
each  other  in  an  oblique  direction. 

The  lengths  of  these  axes  must,  moreover,  be  either  equal  or 
unequal ;  and  from  hence  arise  the  six  different  relations  corres* 
ponding  to  t}ie  six  crystalline  systems. 
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IST.  BECTANOITLAB  AXES. 

CSase  1.  The  three  axes  of  equal  length. 
„    2.  Two  axes  equal,  and  the  thnnl  xmeqnaL 
„    3.  AU  three  axes  of  unequal  length. 

2kd.  oblique  axes. 

Caae  1.  The  three  axes  of  equal  length.    • 
„     2.  Two  axes  equal,  and  the  third  unequal 
„     3.  All  the  axes  of  unequal  length. 

The  clystalline  systems  which  correspond  to  these  different 
lebtions  are — 

I.  The  cuhic. 

II.  The  right  square  prismatic. 
III.  The  rectangular  prismatic. 
lY.  The  rhombohedral. 

V.  The  rhomboidal  oblique. 
TT.  The  doubly  oblique. 

1st.  cubio  system. 

Tk«  ChAe  is  formed  of  six  eaual  squares,  each  of  which  may  be 
taken  as  its  base.  All  its  solid  and  plane  angles  are  right  angles. 
It  is  composed  of  two  distinct  sorts  of  elements, — ^viz.,  eight  solid 
angles ;  twelve  edges  formed  by  the  meeting  of  two  planes.  Each 
of  the  angles  of  a  cube  is  at  the  same  distance 
from  a  central  point  determined  by  the  inter-  aba 
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section  of  the  diagonals  connecting  its  oppo-  A^^ 

site  solid  angles.     The  twelve  edges  and  six 

laces  are  simHarly  arranged.     It  follows  from  b 

this  circiunstance  that  the  figure  is  perfectly 

srmmetrical,  and  will  admit  of  a  series  of 

carcles  being  drawn,  either  tangentially  to  its    j 

ades  or  edges,  or  passing  through  its  eight 

aoHd  ang^les.     As  the  axes  of  the  cube,  three 

ftzaight  lines,  x,  y,  z,  fig.  8,  passing  through  the  centre  of  the  three 

planes,  p,  p,  p,  and  parallel  to  the  edges,  b,  b,  b,  may  be  most  con- 

Teniently  l^en. 

It  is  evident  that  each  of  the  faces  of  the  crystal  will  be  perpen- 
dicnlar  to  one  of  these  axes,  and  parallel  to  the  two  others  ;  and 
i^  therefore,  we  call  a,  their  length,  the  &ces  of  the  cube  may  be 
i^^resented  by  the  expression — 

a:  00  a:  GO  a. 
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The  cube  possesses  two  distinct  sorts  of  elements^  and  the  modi- 
fications which  produce  its  derived  forms  may  exist  separatelj 
either  on  its  angles  or  edges.  They  are  also  capable  of  assuming 
differentpositions. 

Ist.  The  planes  of  the  new  faces  may  be  equally  inclined  on  tiie 
edges  or  angles  on  which  the  modifications  take  place,  and  in  that 
case  are  said  to  be  tangents  to  those  angles  or  edges. 

2d.  They  may,  on  the  other  hand,  have  different  inclinations  on 
the  faces  of  the  crystal,  which  meet  at  the  modified  edges  or  angles. 

From  these  arrangements,  tw<^  completely  different  classes  of 
polyhedrons  arise.  In  the  first  case,  the  resulting  crystals  are 
identical ;  in  the  second,  they  are  simply  r^^nlar. 
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I  •rtiM  Angism, — ^According  to  the  laws 
of  symmetry,  when  a  modification  takes  place  on  one  of  the 
elements  of  a  cnrstal,  the  same  modification  should  be  reproduced 
upon  all  its  similar  elements.  In  conformity  with  this  principle,  if 
we  suppose  that  by  the  action  of  some  force,  of  the  natiue  of 
which  we  are  ignorant,  one  of  the  angles  of  the  cube  be  not  deve- 
loped, but  is  replaced  by 

A  X  A  .,        -         .  .     ^        - 
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the  faoette,  a\ 
having  an  equal  incli 
tion  on  each  of  the  three 
faces  of  the  cube,  each 
of  the  angles,  a,  will 
necessarily  undergo  the 
same  modification,  and 
eight  precisely  similar 
facetteswillbeproduced 
on  the  eight  solid  angles  of  the  figure.  In  proportion  as  these 
new  or  secondary  fiices  increase,  those  of  the  original  cube  will 
diminish,  and  a  point  will  at  length  be  attained,  at  which  tbe 
primary  form  will  have  entirely  disappeared,  and  the  r^ular 
octahedron,  ^,  10,  be  produced. 

Besidar  OciKhedrMi. — ^The  inclination  of  each  of  the  faces,  a\ 
being  the  same  with  regard  to  the  three  axes  of  the  original  cube, 
the  resulting  octahedron  is  regular,  each  of  the  triangles  composing 
its  plane  faces  being  not  only  equilateral,  but  also  of  equal  dimen- 
sions. This  figure  consists  of  two  distinct  elements, — ^viz.,  five 
quadruple  solid  angles ;  twelve  edges  resulting  from  the  inter- 
section of  its  planes. 

Taagotttal  REodMcaitoHs  •£  the  iSdgM. — A  plane  tangentially 
affecting  one  of  the  edges  of  a  cube  should  be  reproduc^  on  all 
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the  twelve  siixular  edges  of  that  body ;  and  consequently  a  figure 
of  twelye  sides,  or  a  dodecahedron,  should  finally  be  the  result  of 
inch  modifications.  Since  the  faces  of  this  new  figure  are  placed 
at  equal  distances  from  the  centre  of  the  original  cube,  and  form, 
according  to  their  construction,  equal  angles  with  its  three  axes, 
this  secondary  figure  will  necessarily  be  regular. 

The  dodecahedron  is  composed  of  12  faces. 
„  „  24  edges. 

„  14  angles. 

Its  frees  are  rhombs,  of  which  the  angles  measure  109^  28'  16^' 
and  70^  81'  44'', — ^the  same  as  those  of  the  dihedral  angles  of  the 
regular  octahedron. 

The  edges  are  of  equal  lengths. 

The  sohd  angles  are  unequal,  and  of  two  different  kinds.  Six, 
formed  by  the  meeting  of  four  planes,  correspond  to  the  angles  of 
the  regoiar  octahedron ;  and  eight,  produced  by  the  meeting  of 
tiiree  planes,  correspond  to  the  eight  soHd  angles  of  the  cube. 

The  method  of  production  of  this  figure  from  the  cube  and  re- 
golar  octahedron  is  the 


Its  mode  of  gene- 
ntaon  fitim  the  cube  is  re- 
piwentedinfig.  11,  whilst 
therektive  positions  of  its 
Mf  eral  anglea  and  edges 
in  relation  to  the  elements 
of  its  crystallographic  ra- 
dical, are  seen  in  ^.  12. 
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STHHSTBICAL  MODIFICATIONS  01^  THE  EDGES. 


-If  we  suppose  that  a  face  be  produced 
on  an  edge  of  the  cube,  in  such  a  way  as  to  be  unequally  inclined 
on  the  base,  and  the  vertical  face  placed  next  the  observer,  the 
laws  of  symmetiy  render  it  necessary  that  a  similar  plane  should 
be  produced  on  the  other  side  of  the  same  edge,  in  such  a  way  that 
if  the  point  B,  ^.  13,  represents  the  projection  of  the 
edge,  the  two  fiaces  which  will  be  produced  on  it  will 
be  represented  in  profile  by  bA,  bA*  ;  each  edge  will 
he  replaced  by  two  fisices,  fig.  14,  and,  as  the  crystal- 
be  radical  is  bounded  by  twelve  equal  edges,  the 
secondary  solid  will  possess  24  feces.  From  the  cir- 
eomtance  that  the  facettes  formed  on  the  edges  of 
^  cube  may  possess  any  given  inclination,  it  follows  that  the 
niunber  of  these  figmres  may  be  unlimited ;  but,  on  examination, 
^  is  found  not  to  be  the  case,  as  nature  only  affords  seven 
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different  crystals  of  this  class.  The  hexatetrahedron,  fig.  15,  pre- 
sents the  general  form  of  a 
cube,  each  face  of  which  is 
replacedby  apyramid  with 
a  square  hsBe.  It  is  com- 
posed of — 

24  isosceles  triangles, 
86  edges, 
14  soM  angles. 
1^  ^^-  The   edges   are   of  two 

Iclnds, — 12  which  are  identical  with  those  of  the  cube,  and  24  which 
nuxi  at  Vh  point  beyond  the  axes  of  the  cube. 


MODIFICATIONS  ON  THE  ANGLES. 

i«  ili«  IMac«Hal« — The  Trwtpvmmlh^^wm, — The  modifi- 
cations on  tht!  angles  are  of  two  kinds ;  they  may  be  either 
paralld  to  the  diagonals  of  the  faces  of  the  cube,  fig.  16,  or  placed 
with  various  degrees  of  inclination.  In  the 
first  case,  the  resulting  solids  have  24  faces, 
since  each  of  the  eight  angles  of  the  cube 
will  give  place  to  three  faces.  In  the  seccmd, 
the  number  of  modifications  will  be  doubled, 
^!^'  ^^  7  and  consequently  the  figure  will  have  48 
faces. 

17  represents  the  trapezohedron.     This  figure  is  com- 
posed of — 
^  8  24  faces, 

48  edges, 
26  solid  angles. 
Its  faces  are  symme- 
trical, quadrilateral  fi- 
gures,having  two  kinds 
of  sides  and  three  spe- 
cies of  angles;  the  con- 
tiguous sides  being 
equal,  as  also  all  the 
mmilor  angks.  The  forty-eight  edges  are  of  two  kinds ;  the  longer, 
a,  Ei  join  two  to  two  the  angles  of  the  octahedron.  The  twenty 
short<?r  edgeSj  A,  E,  join  in  the  same  way  the  angles  of  the  cube. 
Tliis  form  may  also  be  produced  by  modifications  on  the  eight 
solid  angles  of  the  octahedron,  as  shown  in  fig.  18,  in  which  case 
the  trapezohedron  will  be  complete  as  soon  as  the  faces  of  the 
onginal  octahedron  have  entirely  disappeared. 
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KODinCATIOirB  NOT  PAKAT.T.TJL  TO  THE  DIAGONALS. 

Thm  Or  tell  tiiii  iji,  nfciiiii  mm — ^In  this  case  we  have  to  suppose  that 
the  modifications  on  the  angles  of  the  original  crystal  ore  not 
parallel  to  the  diagonals,  and  consequently  each  of  the  angles  of 
the  cuhe  will  be  replaced  by  six  new  faces,  fig.  19.  When  these 
have  completely  destroyed  die  planes  of  the 
oystalline  radical,  a  figure  having  48  sides, 
fig.  20,  will  be  produced.  This  figure  con- 
sists of— 

48  scalene  triangles, 

72  edges, 

26  solid  angles. 
The  edges  are  of  three  kinds :  twenty-four,  s,  d, 
taken  two  and  two,  join  the  axes ;  twenty-four  others,  d,  a,  join 
together,  two  and  two,  the  angles  of  the  cube ;  and,  lastly,  the 
tweniy-four  which  remain  join  the  angles  of 
the  octal^^dron  to  those  of  the  cube.  The 
solid  angles  are  also  of  three  kinds:  six 
angles,  s,  occupy  the  position  of  the  angles 
of  the  octahedron ;  eight  others,  A,  corres- 
pond to  those  of  the  cube ;  and,  lastly,  the 
twelve  angles,  d,  are  so  situated  as  to  occupy 
the  centre  of  the  faces  of  the  dodeca- 
hedron. 

The  different  suppositions  which  have  been 
made,  and  which  amount  to  five  in  number, 
emhiace  the  principal  modifications  which  take  place  on  the  cube 
and  its  derived  forms,  and  show  that  this  system,  which  is  by  far 
the  most  complicated,  gives  rise  to  but  a  few  varieties  of  solid 
polyhedrons. 


HEMIHSDSAL  CSTSTALS. 

Although  it  has  been  announced  as  a  general  law,  that  whenever 
an  angle  or  edge  of  a  crystal  'is  modified,  all  the  corresponding 
parts  of  that  crystal  are  similarly  affected,  some  remarkable  excep- 
tkmg  to  this  rule  are  occasionally  met  with. 

The  cube  does  not  afford  any  examples  of  these  half  crystals, 
*inee  ev^ry  solid  body  must  at  least  possess  four  plane  faces,  whilst 
the  cube  itself  is  composed  but  of  six,  and  therefore  could  not  give 
nw  to  a  body  having  half  that  number. 

TcttuhsdMM. — On  the  contrary,  one  half  of  the  faces  of  the 
wtahedron  are  frequently  wanting,  and  the  tetrahedron,  fig.  21, 
IS  thus  obtained. 
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Pt^m^Moiifti  ii«d«caiM4vMi* — ^Another  very  common  example  of 
these  half  crystiili^  is  furnished  by  the  polyhedron,  which  we  have 
described  under  the  name  of  the  hexatetrahe- 
dron,  of  which  the  form  is  that  of  the  cube  sur- 
mounted by  a  four-sided  pyramid  on  each  of  its 
six  plane  &ces. 

If  in  this  solid  twelve  alternate  hoes  be  sup- 
l^ressed  in  such  a  way  that  there  shall  be  but 
one  modification  on  each  edge,  as  shown  in 
fig.  22,  in  which  the  twelve  unaffected  faces  are 
shaded,  the  resulting  polyhedron  will  be  com- 
poi»ed  of  twelve  similar  pentagonal  planes,  fig.  23. 

The  pentagonal  dodecahedron  is  composed  of  36  edges,  which 
are  of  two  kinds  ;  Edx  of  these,  a,  constitute  the  bases  of  the  pen- 
tagonal planes,  and  corres- 
pond by  their  position  to  the 
faces  of  the  cube;  twenty- 
four    edges,    0,    differently 
placed    two   to    two.     The 
angles  are  also  of  two  kinds : 
twelve  formed  by  the  meeting 
of  three  edges,  a,  which  are 
irregular,  and  composed  of 
angles  of  different  values; 
and  twelve  regular  angles,  s, 
which  occupy  the  position  of  the  angles  of  the  cube. 
Its  ojiposite  faces  are  parallel  two  to  two. 
TinnvFMf^  errfliab— The  Only  compound  or  transposed  ays- 
tals  belonging'  to  this  type  are  observed  to  occur  in  specimens  of 
spinel,  Qctiihedral  iron  ore,  and  the  diamond.     In  these  cases  the 
crystals  consist  of  two  half  octahedrons,  so  joined  as  to  give  rise 
to  a  retreating  angle,  as  seen  in  fig.  25. 

In  order  to  comprehend  the  nature  of  these  crystals,  let  us 
suppofie  the  octahedron,  fig.  24,  has  by  some  cause  been  divided 

into  two  equal  parts  by 
A  .  the  plane,  m  n  o  p  r  S, 

drawn  in  a  direction 
parallel  to  the  face, 
A,  B,  D,  of  the  crystal. 
'^  K  we  now  imagine  that 
one-half  of  the  octahe- 
dron has  been  caused 
to  make  one-sixth  of  a 
revolution,  so  that  the 
point  m  of  the  higher 


23. 


SECOin)  CBTSTXLLINB  SYSTEM.  61 

portion  coincides  with  the  point  n  of  the  lower,  all  the  points, 
n  ft  0  r  S,  will  exactly  cover  each  other,  and  three  projecting  and 
three  retreating  angles  are  formed.  This  is  precisdj  the  appear- 
ance presented  by  the  compound  crystals  belonging  to  this  type; 
and  the  abore  explanation  is,  in  a  geometrical  point  of  view,  per- 
feetly  aatis&ctory.  It  is,  however,  impossible  to  say  what  is  the 
real  process  employed  by  nature  to  effect  these  changes,  as  there 
is  no  evidence  to  show,  and  it  is,  in  fact,  very  improbable,  that 
transposed  specimens  ever  existed  as  simple  crystals ;  and  conse- 
<Ioen%  the  only  use  of  these  suppositions  will  be  as  a  sort  of  arti- 
ficial aid  to  the  mind  in  tracing  out  the  different  relations  between 
the  various  crystalline  forms. 

In  taking  simple  polyhedrons,  such  as  the  cube,  ^.,  as  the 
primitive  forms  of  crystals,  we  are  in  like  manner  obliged  to  sup- 
pose the  various  mocQfications  to  have  taken  place  on  the  angles 
and  edges  of  the  more  simple  bodies  subsequently  to  their  forma- 
iion ;  whilst  in  reality  it  is  most  improbable  that  such  should  be 
the  case,  since  crystals  thus  modified  are  found  to  be  similarly 
affected  even  when  too  small  to  be  perceived  by  the  naked  eye ; 
and  on  placing  them  in  their  proper  solutions,  tiiese  may  be  made 
to  attain  a  large  size  without  in  the  least  degree  affecting  the  char- 
acter or  number  of  their  modifications. 


SECOND  CBTSTALLINE  SYSTEM. 

In  the  cubic  system,  the  three  axes  around  which  the  faces  of 
the  ciystal  are  arranged  are  at  right  angles,  and  all  of  equal  lengths. 
In  the  present  case,  let  us  suppose  that  the  axes 
arc  stiU  at  right  angles  with  each  other,  but  that   A^^^^r¥~T^] 
one  of  them,  the  vertical  axis,  is  variable  in  its  '~ ' 

length,  whilst  the  two  others  remain  equal.  This 
condition  destroys,  to  a  certain  degree,  the  regu- 
tetj  of  the  crystal,  which  in  consequence  becomes 
merely  symmetrical :  its  horizontal  section  is  a 
spare,  and  its  vertical  a  rectangular  parallelo-  ** 
gram.    This  solid  is  therefore  a  straight  prism,  ^^■ 
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vith  a  square  base,  or  a  right  square  prism,  of  which  f,  fig.  26,  is 
the  base,  and  m  m  its  vertical  faces. 

MwMiiam  mit  tlM  Blffht  Sqnaure  Prl«m.  —  In  this  prism  the 
B<M  angles  are  composed  of  three  plane  right  angles  placed  at 
eipud  distances  from  the  centre  of  the  crystal,  and  are  in  conse- 
<pKDC8  not  only  equal,  but  also  identical  in  their  positions.  These 
*e  distinguished  by  the  letter  a. 

The  edges  are  of  two  kinds — 

Eight  horizontal,  B,  not  only  of  equal  lengths,  but  placed  at  the 
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same  distance  from  the  centre,  and  consequentlj  all  modified  at 
the  same  time. 

Four  vertical  edges,  which  diiSer  from  those  of  the  hase,  and  all 
similarly  placed  aromid  the  vertical  axis.  These  are  consequently 
of  the  same  kind,  and  are  represented  by  the  letter  h. 

It  follows  frx)m  these  relations  that  the  right  square  prism  is 
subject  to  three  distinct  kinds  of  modification. 

Let  a  be  the  length  of  the  eight  equal  edges,  and  b  the  length 
of  the  four  which  are  vertical. 

As  the  relative  lengths  of  these  two  distinct  elements  of  the 
solid  are  perfectly  undetermined,  it  necessarily  follows  that  an 
infinite  number  of  right  square  prisms  may  exist ;  and  it  is  pre- 
cisely this  difference  of  relation  between  the  edges  marked  b  and 
thosemarked  h  which  serves  to  distinguish  the  different  substances 
crystallising  under  the  form  of  the  right  square  prism. 

The  base,  p,  will  intersect  the  vertical  axis  at  a  distance  Ji,  and 
will  be  parallel  to  the  two  which  are  horizontal.  With  regard  to 
the  vertical  faces,  precisely  the  reverse  of  this  will  occur,  and  con- 
sequently their  expressions  are — 

For  the  base,  P, cx>  a  :    oo  a  :        h. 

For  the  faces,  m, a  :   co  a  :  co  h. 

WLmdUktwalmam  mm  tiM  Bdgw  mf  the  Baae. — From  what  has  been 
said  relative  to  the  laws  of  symmetry,  it  is  evident  that  if  one  of 
the  edges  of  the  base  of  the  right  square  prism  be  modified,  aU  the 
others  must  necessarily  be  affected  in  the  same 
way,  and  the  solid,  fig.  27,  will  be  produced, 
which,  when  the  planes,  b^,  have  become  fully 
developed,  vnll  appear  as  a  symmetrical  octahe- 
dron. A  series  of  octahedrons  can  be  thus  pro- 
duced, since  the  different  inclinations  which  may 
be  assumed  by  the  planes,  b^,  will  continually  vary 
the  height  of  the  crystal ;  but  in  all  cases  its  sec- 
tion paurallel  to  the  two  other  axes  will  produce  a 
square. 

]!I«dUUIcati#Ba  •■  the  Tottcal  Bdgea. — ^If  these 
modifications  are  tangential,  a  second  right 
square  prism  is  produced,  as  seen  in  fig.  28.  When  the  modify- 
ing phuies  are,  on  the  contrary,  applied  obliquely  to  the  edg«s 
of  the  crystal,  the  eight-sided  symmetrical  prism,  fig.  29,  is  the 
result. 

]lie4iMcati«Ba  •■  the  Angles. — ^When  the  direction  of  the  modi- 
fying planes  is  parallel  to  the  diagonal  of  the  base,  a  series  of 
octahedrons,  of  which  the  edges  of  the  base  are  parallel  to  the 
diagonals  of  the  base  of  the  original  prism,  is  produced.  If  these 
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secondary  hces  are  combined  with  those  of  the  primitive  solid,  the 
resohdng  figtue  is  a  rhomboidal  dodecahedron,  in  which  some  of 
the  faces  belong  to  the  original 
crystal,  and  the  eight  others  are  ^^ 
the  result  of  the  octahedral  modi- 
fication. When  the  secondary 
faces  are  not  parallel  to  the  diago- 
nals of  the  base  of  the  primitiye 
BoHd,  a  double  plane  is  produced 
on  each  solid  angle,  and  a  figure 
of  sixteen  sides  is  ultimately  ob- 
tained, presenting  the  appearance 
of  two  eight-sided  pyramids  joined 
by  their  bases. 

It  is  remarkable  that  nature 
presents  no  example  of  perfect 
aystals  of  this  description,  although  they  are  frequently  met  with 
in  combination  with  other  forms  in  the  zircon,  idocrase,  and 
peroxide  of  tin.  Its  most  common  appearance  in 
the  zircon  is  that  indicated,  fig.  30,  in  which  the 
ftces,  (f^  are  those  of  the  new  solid. 

The  most  frequent  examples  of  half  or  hemi- 
hedral  crystals  offered  by  this  system  occur  in 
copper  pyrites,  which  is  ofben  found  crystallised  in 
the  form  of  tetrahedrons. 

THIBD  CBYSTALLIKE  SYSTEM. 
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We  have  again  in  this  case  the  three  axes  placed  at  right  angles 
to  each  other,  but  all  of  unequal  lengths.  The  solid  which  results 
from  this  arrangement  is  a  straight  prism  with  a 
rectangolar  base,  ^g,  31. 

This  crystal  is  composed  of  four  edges  on  each 
base^two  long,  b,  and  two  short,  d. 

It  consequently  follows  that  the  rectangolar 
system  possesses  four  distinct  elements — ^three 
kinds  of  edges,  and  one  kind  of  angles — each 
e^Mible  of  separate  modification,  and  neces- 
kotIj  affecting  the  secondary  forms  assumed  by 
the  crystal. 

The  notation  of  the  different  faces  of  the  prism  will  be — 

For  the  base,  p, oo  6  :    oo  c  :        A. 

„  M, b  :    oo  c  :    CO  h. 

T, CO    b  :         c  :    CO  h. 
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n  this  prism,  since  the  vertical 
edges  are  all  situated  at  equal  distances  from  the  ads,  they  should 
apparently  be  all  subject  to  modification  at  the  same  time.  This 
is,  however,  not  the  case ;  for  inasmuch  as  the  faces,  H  and  t,  are 
not  of  the  same  kind,  the  modifications  which  may  take  place  on 
the  vertical  angles,  arising  firom  the  intersection  of  th^  two 
planes,  are  not  necessarily  double. 

When  modifications  take  place  on  the  edges,  h,  in  such  a 
way  that  the  new  planes  produced  are  parallel  to  the  diagonals  ci 
the  origmal  crystal,  the  right  rhombic  prism, 
fig.  32,  is  formed,  which  is  by  many  mineralo- 
gists itself  taken  as  the  primitive  form  firom  whidi 
they  derive  the  right  square  prism.  The  circum- 
stance of  the  laws  of  symmetry  not  exacting  a 
return  of  the  facettes  in  the  modifications  which 
take  place  on  the  vertical  edges  of  this  solid,  allows 
of  the  production  of  various  prisms  of  four,  six, 
and  eight  sides,  the  derivation  of  which  will  be 
readily  understood  by  reference  to  figs.  33,  34,  35. 
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ModMkenUmku  mn  tli«  Edges  •f  tli«  Ba«e The  edges  of  the  base 

being  of  two  diflferent  kinds — the  one,  b,  long,  and  the  other,  D, 
short,  it  necessarily  follows  that  they  allow  of  separate  modifica^ 
tion.  K  B  or  D  be  affected  separately,  the  summit 
of  the  crystal  will  be  surmounted  by  two  planes, 
which  intersecting  at  a  given  height,  produce  the 
appearance  represented  in  fig.  36,  in  which  the 
edge,  B,  is  that  supposed  to  be  modified. 

By  the  modification  of  b  and  d  at  the  same 

time,  a  series  of  octahedrons  with  rectangular 

bases,  fig.  37,  are  obtained,  of  which  the  heights 

vary  with  the  inclination  of  the  secondary  faces 

on  the  edges  of  the  original  crystal. 

niodiiicati^iu  •■  tke  AmgLem. — ^All  the  modifications  which  arise 

on  the  angles  of  this  solid  give  rise  to  rhombic  octahedrons, 

which  differ  fi'om  each  other  according  to  the  inclinations  of  their 

producing  planes. 

It  firequently  happens,  however,  that  two  or  more  of  these  octa- 
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IwdzonB  exist  on  the  same  crystal,  as  in  fig.  88 — a  common  form 
ci  the  crystals  of  sulphur — a  suhstance  affording  some  of  the  most 
beautiful  crystals  belonging  to  this  class. 


rOTTBTH  CETSTALLINE  SYSTEM. 

Tfce  BkMBbehcdroik — The  three  preceding  classes  comprehend 
all  the  solids  of  which  the  axes  are  placed  at  right  angles  to  each 
other ;  and  we  now  turn  our  attention  to  the  consi- 
deration of  those  of  which  the  axes  are  obliquely 
arranged,  examining  also,  as  in  the  former  case,  the 
different  relations  which  may  exist  between  them. 

If  we  suppose  all  these  axes  to  be  of  equal  length, 
the  rhombohedron,  fig.  39,  will  be  found  to  be  the  ^n^  ^ 
only  sohd  fulfilling  the  required  conditions.     This        ^Sf . 
figure  possesses  four  distinct  kind  of  elements,  viz. : — 

Two  angles  at  the  summit,  a  and  a!. 

Six  kte^  angles,  £,  s',  &c. 

Six  cnlminatirig  edges ;  three  meeting  at  the  sum- 
mit, a,  and  the  three  others  at  a'. 

Six  lateral  edges,  arranged  in  zig-zag  around  an 
imaginary  line  connecting  the  solid  angles  A  A^  This, 
from  the  great  symmetry  of  its  relations  with  the  various  elements 
of  the  crystal,  may  be  adopted  as  its  vertical  axis,  but  it  is  neces- 
ssrj  to  bear  in  mind  that  in  this  case  the  other  axes  will  be 
ici>re8ei]ted  by  the  diagonals  of  the  hexagonal  plane  obtained  by 
vaidng  a  section  through  the  crystal  in  the  centre  of,  and  perpen- 
^umlar  to,  this  new  axis. 

The  notation  of  the  fscea  of  the  rhombohedron  in  relation  with 
tiiese  several  axes  will  be — 

a:  a  :  CO  a  :h. 

Since  this  solid  possesses  four  distinct  kinds  of  elements,  it 
^^ceasarily  follows  that  the  rhombohedron  admits  of  four  different 
•yrtems  of  modifications. 

BUdMcattom  •■  Um  Cwliwiii»ri»g  Cdgea. — If  these  modifica- 
^Witt  are  tangentially  applied  to  the  edges  of  the  origmal  crystal, 
ttother  solid  is  produced,  called  the  equi-axe,  fig.  40,  having  the 
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same  height  as  the  primitive  solid,  but  a  much  greats  lateral  ex- 
tension. If  another  plane  be  applied  to  the  culminating  edges  of 
the  equi-axe,  another  crystal  will  be  produced,  having  a  still  more 
flattened  appearance  than  the  first.  These  crystals  are  very  com- 
mon in  carbonate  of  lime,  and  this  variety  is  frequently  known  aa 
nail-headed  spar.  When  these  modi- 
fications are  unequally  inclined,  two 
distinct  fiices  will  necessarily  be  pro- 
duced, and  the  resulting  solid  is  a  tri- 
angular dodecahedronorscalenohedron. 


^  — K  these  new  faces  are  tangents  to 

40.  the  lateral  edges  of  the  rhombohedron, 

the  six-sided  prism,  fig.  41,  terminated  by  the  planes,  p,  belonging 

to  the  original  sohd^  will  be  produced.    When,  on  the  contrary, 

the  modifying  planes  are  placed 
obliquely  on  the  lateral  edges  of 
the  crystal,  according  to  the  laws 
of  symmetry,  two  new  faces  will 
be  formed  on  each  edge,  and  a  new 
.  solid  or  scalenohedron,  fig.  42,  wiU 
be  generated. 

tkc  Swuiiiii. — ^Tangential  modifi- 
cations on  the  angles  a,  a^  These 
will  at  first  produce  a  triangular 
face  on  the  angles,  which,  if  fully 
developed,  generate  the  base  of  the 
six-sided  prism  above  described. 
If  the  modifications  are  not  tangential  to  their  angles,  but  are 
parallel  to  the  horizontal  diagonal  of  the  crystal,  they  will  be 
replaced  by  three  faces  belonging  to  apother  rhom- 
bohedron.    Should  the  modifying  planes  not  be 
placed  parallel  to  the  diagonal,  the  summit  of  the 
crystal  will  be  surmounted  by  a  six-sided  pyramid 
belonging  to  a  scalenohedron. 

]II«dUUI<»tiMM  •f  tkc  IjMeral  Ai^Im. — ^When  the 
]  modifications  on  these  angles  are  caused  by  planes 
applied  tangentially  to  the  angles,  a  regular  six- 
sided  prism  is  produced,  which  differs  icom  that 
obtained  by  modifications  of  the  lateral  edges,  inas- 
much as  the  edges  of  the  one  are  placed  in  the 
centre  of  the  faces  of  the  other. 

When  the  secondary  planes  are  not  tangents  to 
the  modified  angles,  two  distinct  &cettes  are  pro- 
duced on  each,  and  a  series  of  dodecahedral  solids  is  the  result. 
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This  gystem  offers  many  examples  of  compound  and  deformed 
oysUls. 

Fig.  43  is  a  scalenobedron  of  this  kind,  which  presents  the  appear- 
anoe  of  having  been  divided  through  i1»  centre  perpendicularly  to 
its  longest  axis,  and  would  seem  to  have  made  one-sixth  part  of  a 
lerolution  annmd  it,  so  that  by  the  meeting  of  two  <liggimi1fl.r  edges 
a  series  of  retreating  angles  have  been  produced.  This  form  is  of 
freqiient  oocuRenoe  in  specimens  of  d(^-toothed  carbonate  of  lime, 
and  has  also  been  occasionally  met  wii£  in  crystals  of  carbonate  of 
iron  bom  the  neighbourhood  of  St.  Austell  in  Cornwall. 


f  IFTH  CBTSIALLESnS  STSTEH. 

Where  a  crystal  possesses  three  oblique  axes,  of  which  two  are 
of  eq[ual,  and  the  tlurd  of  unequal  length,  the  resulting  solid  will 
be  an  oblique  rhombic  prism,  having  sides  of 
equal  length,  and  of  which  the  transverse  sec- 
tuns  win  be  rhombs. 

If  in  fig.  44  we  suppose  the  two  axes  x  x', 
sod  E,  z',  which  are  of  equal  length,  to  be  repre- 
sented by  a,  and  the  vertical  axis  by  h,  the  nota- 
tion of  each  of  the  vertical  taees  will  ~ 

a:    '00  a:     oo  h; 

and  that  of  the  base — 

CD  a:     CO  a:    h» 

In  tiie  obliqve  rhombic  prism  the  sides  of  the  base  are  all 
equal  between  themsdves ;  but  their  relative  positions  with  regard 
to  the  veridcal  axis  is  different.  The  two  which  unite  at  the  angle, 
o,ia  firant  of  the  crystal,  are  of  one  kind;  whilst  a,  e,  those  which 
Beet  on  the  back  of  the  crystal,  are  of  another  kind. 

Of  the  foov  angles,  that  marked  o  is  composed,  when  the  angles 
of  the  faoeSy  H,  m,  are  obtuse,  of  three  obtuse  plane  angles,  whilst 
tiie  angle,  a,  on  the  opposite  side  is  formed  by  the  mee&ig  of  two 
aente  angles  and  of  one  that  is  obtuse.  An  analogous  difference 
woold  be  observed  in  the  case  of  the  prism  being  acute. 

The  two  angles,  a,  which  are  composed  of  equal  plane  angles, 
3Dd  of  which  the  diagonal  is  horizontal,  are,  on  the  contrary,  of 
eqoal  value,  and  perfectly  similar.  It  foUows,  from  the  nature  of 
the  oblique  rhombic  prism,that  it  possesses  seven  distinct  elements, 
each  subject  to  specific  modifications,  viz. : — 

Two  angles,  a,  situated  at  the  extremities  of  one  of  its  diagonals. 

Two  angles,  o,        „  „    . 
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Four  angles,  B, — ^two  situated  on  the  inferior,  and  two  on  the 
superior  base  of  the  crystal. 

Four  edges,  B, — ^two  on  the  inferior,  and  two  on  the  superior 
base. 

Four  edges,  d,  similarlj  placed. 
Two  vertical  edges,  h. 
Lastly,  two  other  vertical  edges,  e. 

WLmdiiikrmtimmm  mt  Um  Jkmtfl^t,  A — ^The  truncations  whidi  take 
place  on  this  angle  may  be  of  three  kinds, — 

Istly.  The  projection  of  the  modifying  plane  on  the  base  may 

be  parallel  to  the  diagonal,  E,  e.     This  is  ^e  most  common  case. 

2dly.  The  projection  on  the  base  may  not  be  parallel  to  this 

diagonal,  whilst  the  intersections  with  the  lateral  faces,  M,  are 

parallel  to  the  diagonal  of  the  face  opposite  the  modified  angle. 

3dly .  The  whole  of  the  secondaiy  faces  may  be  arraxkged  without 
any  parallelism  with  regard  to  the  diagonals  of  the  faces. 

when  the  modification  takes  place  in  a  direction  parallel  to  the 
diagonal  of  the  base,  a  simple  truncation  takes  place  on  the  angle, 
A,  and  a  bevehnent  represented  in  fig.  45  is  produced. 

Kthe  projection  of  the  secon- 
dary face  be  parallel  to  the 
diagonal,  E,  o^  fig.  46,  two 
X  modifying  planes,  e,  n,  r,  and 
c,  n',  r',  wfil,  according  to  the 
laws  of  symmetry,  be  pro- 
duced; and  the  intersection 
of  these  planes  gives  rise  to 
the  bevehnent  shown  in  the 
figure,  in  which  the  faces,  for 
the  sake  of  distinction,  are 
partially  shaded. 
When  the  line  e,  n,  is  not  placed  in  a  direction  parallel  to  the 
diagonal,  E,  &,  the  general  arrangement  of  the  crystal,  with  that 
exception,  is  the  same  as  when  another  bevehnent  is  produced  on 
the  angle.  It  is,  however,  less  regularly  placed  with  regard  to  the 
elements  of  the  original  solid ;  and  it  becomes  necessary,  in  order 
to  express  its  notation,  to  state  the  distances  at  which  the  &oettes 
intersect  either  the  axes  or  the  sides. 

Modifications  sometimes  occur  on  the  angle,  o ;  but  these  are  of 
rare  occurrence. 


1  Hm  AngUm,  B. — These  angles  being  of  the  same 
kind,  any  modification  afiecting  one  must  necessarily  he  reproduced 
on  those  of  the  same  name. 

The  facettes  fbvmed  on  these  angles  may  present  the  same  varia- 
tions as  those  noticed  with  r^fard  to  the  angle,  a. 


FIFTH  CBTSTAIUKE  SYSTEM.  69 


MODIFICATIONS  PABALLEL  TO  THE  DIAGOI!rAL  A  O  OP  THE  BASE. 

We  will  in  the  first  place  consider  the  modifications  which  take 
place  in  a  direction  parallel  to  the  diagonal  of  the  base. 

Let  c  n  r,  cf  n'  r',  fig.  47,  represent  the  planes  of  the  tmn- 
eataons  produced  on  the  angles,  e,  and  rnft^  n',  their  projections 
on  the  base.  If  we  now  extend  these  planes 
until  they  intersect  in  /,  k,  we  shall  form  a 
bevebnent  on  the  base  which  will  entirely 
destroy  it  as  soon  as  the  faces,  M,  M,  are  ex- 
tended so  as  to  join  the  two  secondary  faces. 
Similar  planes  will  of  necessity  be  produced  on 
ibe  lower  angles,  e',  e',  and  the  resultmg  crys- 
tal, as  the  figure  shows,  is  possessed  of  consi- 
derable symmetry. 

When  the  modifications  are  parallel  to  the 
diagonal,  b,  a',  of  the  crystal,  the  bevelment, 
which  is  produced  is  less  symmetrical  than  that 
which  is  caused  by  the  fecettes,  of  which  the 
projections  are  parallel  to  the  diagonal ;  some- 
times, tiiough  rarely,  other  planes  are  produced  on  the  opposite 
sides ;  the  pyroxene  o£Pers  the  only  example  of  these  return  fitces 
in  crystals  thus  modified. 

Analogous  bsYelments  are  sometimes  produced  by  the  modifica- 
tions parallel  to  the  diagonal,  a,  e',  of  the  face  on  the  opposite  side 
of  tiie  crystal. 

Finally,  when  the  fSacettes  which  occur  on  the  angle  are  not 
pttaUel  to  any  of  the  diagonals,  another  species  of  bevelment  is 
prodnced. 

MmdmrmtUwm  mi  the  Tcrticai  Bdges. — ^These  edges  are  of  dif- 
ferent kinds ;  the  two  marked  h  being  placed  at  the  extremities  of 
the  smaller  diagonal,  whilst  a,  e,  are  situated  at  the  terminations  of 
tiie  larger.  It  foUows  firom  this  circumstance  that  they  are  not  at 
the  same  distance  firom  the  axis,  and  will  consequently  be  separately 
aileeted. 

When  the  modifying  planes  are  parallel  to  the  longer  diagonal, 
a  ax-fiided  prism,  fig.  48,  is  produced,  in  which  the  facettes  on  the 
^ges,  6,  have  given  rise  to  two  new  faces,  p\  g^y  which,  together 
vith  the  remnants  of  the  faces,  m,  form  the  new  figure. 

If  the  ed^,  h,  had  been  modified  in  place  of  those  marked  o, 
SBother  oblique  six-sided  prism  would  be  produced,  and  two  new 
&ce«,  k%  substituted  for  those  above  described. 

In  the  case  of  modifications  occurring  on  h  and  a  in  the  same 
^stal,  the  resulting  solid  is  a  rectangular  prism  with  oblique 
bases.    This  form  is  sometimes  met  with,  particularly  in  the 
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pyroxene,  although  it  more  frequently  happens  that  the  seoondaiy 
faces  are  combined  with  those  of  the  crys^ographic  radical ;  and 
when  these  are  found  together,  an  eight-sided  prism  is  the  result. 
When  the  secondary  facettes  are  not  parallel 
to  the  diagonals,  a  bevelment  takes  place  on  each 
of  the  modified  edges,  and  a  prism  of  at  least 
eight  sides  is  generated. 

2ll«di«c«llMM  •■  the  Bdgw  mf  tkc  Mmae, — ^The 

Q  edges  of  the  base  being  of  two  kinds  will  be 
modified  separately;  but  as  the  faces  of  the 
crystal  are  not  of  the  same  nature  us  the  base, 
double  facettes  are  seldom  produced,  and  the 
edges  are  consequently  merelyiifiectedwith  bevel- 
ments  of  different  inclinations.  The  edges,  b  and 
D,  are  sometimes  separately  subject  to  predaely 
the  same  changes,  which  are  of  the  nature  of  those  seen,  fig.  49. 
When  by  the  separate  modifications  of  both  these  edges  a  double 
truncation  is  produced,  the  bases  of  the  crystal  are  surmounted  by 

four-sided  pyramids,  which, 
on  destroying  the  £aces  of  the 
original  solid,  give  rise  to  an 
oc^edron  of  which  all  the 
fikces  are  scalena  triangles. 

Many  crystals  belonging  to 
this  class  are  subject  to  dis- 
tortion or  deformity.  Feld- 
r  offers  a  variety  of  exam- 
of  this  kind,  and  is  liable 
to  two  distinct  species  of  ex- 
ceptional formation. 
In  one  case,  half  the  crystal  would  appear  to  have  made  a  semi- 
revolution  in  the  direction  of  the  horizontal  diagonal,  E,  s',  fig.  50, 
when  a  retreating  ansle  will  be  produced ;  and  in  the  other,  a 
similar  movement  would  seem  to  nave  taken  place  in  the  direction 
of  A,  o ;  in  which  instance  the  external  form  of  the  crystal  is  not 
changed,  but  the  cleavage  is  found  to  be  abruptly  interrupted  on 
meetmg  with  the  plane  of  rotation,  a,  o,  a',  o'. 
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When  the  three  axes  of  a  crystal  are  of  unequal  kngth,  the  solid 
is  no  longer  possessed  of  the  same  degree  of  symmetry,  and  the 
figure  resulti^  is  an  oblique-angled  pi^allelogram. 

All  the  solid  angles  .Are  formed  by  the  meeting  of  plane  angles 
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<^  different  values,  and  are  consequently  totallj  independent  of 
each  other.    The  edges  of  the  base  are  also 
perfectly  distinct  in  their  nature;  but  the 
vertical  edges  are  of  two  kinds, — ^the  one 
species  marked  h,  and  the  other  0. 

This  system  contains,  therefore,  ten  dis-  k^ 
tinci  elements,  viz. : — 

Four  kinds  of  angles ; 

Six  kinds  of  edges.  £i 

From  the  number  of  elements  subject  to 
modifieation  possessed  by  this  solid,  it  would 
appear  that  the  changes  to  which  it  is  subjected  must  be  of  a 
much  more  complicated  character  than  those  affecting  the  forego- 
ing lypes.  In  reality,  however,  this  multiplication  of  elements 
readera  the  comprehension  of  the  seconday  faeettes  exceedingly 
euj,  as  they  consist  of  simple  truncatdons,  which  are  not  repeated 
on  the  other  faces  and  angles  of  the  crystaL  Fig.  52,  a  form 
bebnging  to  axinite,  may  serve  to  iUustrate  this 
nrnpEeity  of  derivation.  In  this  crystal  four  dis- 
tinct ekments  are  modified, — ^viz.:  The  angle,  i, 
and  the  three  edges,  b,  c,  and  h. 

In  some  cases  the  opposite  angles  and  edges  are 
slso  replaced  by  smaller  £acettes,  which  may  some- 
times occasion  crystals  belonging  to  this  type  to 
be  conlbunded  with  those  of  the  preceding:  but 
oa  carefully  measuring  the  angles  and  &ces,  they  will  be  found  to 
Moag  to  separate  modifications. 

Thtt  type  also  furnishes  examples  of  scalene  octahedrons,  which 
sie  produced  either  by  the  simultaneous  troncation  of  its  angles, 
«r  of  the  edges  of  the  base.  These  (aystals  may,  however,  be 
eanly  distinguished  from  those  belonging  to  the  for^^ing  class 
Ij  tilie  circumstanoe  of  the  absence  of  that  degree  of  symmetry 
^tbserved  in  those  bedongmg  to  the  fifth  •crystalline  system,  as 
their  sections  merely  afford  parallelograms,  whilst  two  of  those 
bdoDging  to  the  former  type  produce  rhombs. 

The  system  of  notation  to  be  applied  to  the  faeettes  produced 
ou  eiygtals  belonging  to  this  system,  consists,  as  in  the  case  of 
tbe  others,  in  asoertaining  the  distances  at  which  they  intersect 
tike  several  axes.  But  this  method,  which  is  extremely  simple  in 
tiie  more  regular  types,  frequently  becomes  very  complicated  in 
tbe  doubly  oblique  prism. 

DIMOBPHISM  AJSD  POLYMOBPHXBM. 

It  was  for  a  longtime  believed  that  substances  possessed  of  the 
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same  chemical  compodtioii  invariabl j  asiicimed  nmilar  crystalline 
forms.  The  progress  of  modem  discovery  has,  however,  shown 
that  under  certain  circmnstanoes  the  same  substance  may  yield 
Gzystals  belonging  to  two  different  systems.  In  this  way  car- 
bonate of  lime  is  found  under  two  incompatible  forms.  It  usually 
crystallises  in  the  fourth  system,  and  all  the  fragments  produced 
by  cleavage  will  be  found  to  be  rhombohedrons  with  angles  of 
105*  5'.  Less  frequently,  specimens  of  this  substance  are  met 
with  which  cryBtallise  in  the  third  system,  and  present  deavages 
totally  different  from  those  observed  in  ordinary  calc-spar. 

The  form  of  dimorphous  bodies  appears  to  be  regulated  either 
by  the  temperature  at  which  the  crystals  are  obtained,  or  by  the 
nature  of  the  solution  from  which  they  are  deposited.  Sulphur, 
when  crystallised  by  fusion  and  subsequent  cooling,  affords  ciys- 
tals  belonging  to  the  oblique  rhombic  system,  of  which  the 
angle  at  the  base  P  on  M  is  85*55'  30'',and  that  of  M  on  T  9(f 
32'.  The  same  substance,  when  obtained  by  the  spontaneous 
evaporation  of  its  solution  in  sulphuret  of  carbon,  yields  crystals 
belonging  to  the  right  rhombic  system  imder  an  angle  of  101* 
47'  20'^.  Substances  which  thus  crystallise  in  two  incompatible 
forms  are  said  to  be  dtmorphaua,  and  the  property  itself  is  termed 
dmarphian. 

When  a  dimorphous  body  is  by  means  of  abnormal  influences 
made  to  assume  that  crystalline  form  which,  under  ordinary  cir- 
cumstances, is  not  proper  to  the  substance,  the  crystals  thus  pro- 
duced often  exhibit  a  tendency  to  molecular  change,  which  soon 
destroys  their  transparency,  and  ultimately  causes  them  to  crumble 
into  powder.  This  peculiar  transformation  is  very  apparent  in  the 
crys^aJs  of  sulphur  which  are  obtained  by  fusion.  When  thus 
produced  they  are  long  prisms  belonging  to  the  fifth  ^stem,  of  a 
bright  straw  colour,  p^ectly  clear,  and  slightly  flexible.  By 
exposure  to  ordinary  temperatures  they  soon  lose  their  tnms- 
parency  and  become  extremely  brittle.  K  we  now  examine  the 
powder  by  the  aid  of  a  microscope,  we  shall  find  it  to  consist  of 
minute  prisms  belonging  to  the  right  rhombic  system,  so  that 
the  crystals,  although  still  retaining  externally  their  original  form, 
are  in  realiiy  made  up  of  others  belonging  to  a  different  system. 
The  right  rhombic  prism  is  the  crystalline  type  of  native  sulphur, 
as  also  that  of  the  crystals  of  this  substance  when  obtained  from 
its  solutions  in  sulphuret  of  carbon;  and  it  would  therefore  appear 
probable  that  the  natural  ciystals  of  this  substance  are  obtained 
rather  by  the  vaporisation  of  some  volatile  matfcer  which  held 
the  sulphur  in  solution,  than  by  the  agency  of  heat  and  subse- 
quent cooling. 

As  yet  we  are  not  acquainted  with  any  substance  that  isci^Mtble 
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of  taking  more  than  three  distinct  crystalline  forms,  although  it  is 
easy  to  oonceiYe,  that,  under  varying  circumstances,  four  or  more 
different  forms  might  be  assumed  by  the  same  body,  in  which  case 
this  p9x>perty  would  be  distinguished  by  the  name  of  polymorphism. 

ISOliOBFHISH. 

The  composition  of  a  body  cannot  be  accurately  determined  by 
the  general  form  of  its  crystals.  If  the  substance  crystallises  in 
the  cubic  system,  it  would  evidently  be  of  little  utility  to  say  that 
it  crystallised  in  octahedrons  or  dodecahedrons,  as  all  the  octahe- 
drons and  dodecahedrons  belonging  to  this  type  are  evidently  in 
ereiy  respect  precisely  similar;  and  this  description  would  there- 
fore be  equally  applicable  to  every  substance  crystallising  in  the 
first  syst^.  This  difficulty  no  longer  exists  when  we  consider 
the  five  other  systems,  as,  although  two  different  substances  may 
crystallise  in  the  same  system,  and  consequently  assume  a  very 
similar  i^ypearance,  yet  each  individual  will  possess  a  separate  pri- 
mitive form,  differing  from  that  of  all  other  bodies  in  the  value  of 
its  angles,  and  the  relation  of  its  axes.  Thus,  sulphate  of  baryta, 
and  sulphate  of  strontia,  both  crystallise  in  the  right  rhombic 
system;  the  former  under  an  angle  of  101*  42',  and  the  latter  of 
104*.  Although,  therefore,  these  two  substances  crystallise  in  the 
nme  system,  and  consequently  very  closely  resemble  each  other  in 
ippearance,  their  density  and  colour  being  nearly  the  same,  yet  in 
ail  their  modifications  certain  relations  mil  be  observed,  which  by 
calculation  may  be  traced  to  the  primitive  forms  above  given,  and 
by  titese  means  the  two  substances  might,  in  case  of  need,  be 
distinguished  from  each  other,  although  accurate  measurements, 
and  in  some  instances  tedious  calculation,  would  be  required  in 
order  to  do  so  with  any  degree  of  certainty.  The  difficulty  of 
discriminating  between  various  substances  by  the  mere  inspection 
of  their  crystals,  is  much  increased  by  the  fact  that  bodies  having 
similar  chemical  relations  crystallise  in  forms,  which,  although  not 
precisely  identical,  yet  approach  so  nearly  to  each  other  in  the 
value  of  their  angles,  as  not  to  be  distinguished  without  great 
care,  and  the  employment  of  good  instruments.  The  carbonates 
of  lime,  magnesia,  manganese,  iron,  and  zinc,  all  crystallise  in 
rhombohedrons.    The  value  of  their  respective  angles  is 


Lime      .     .     . 

.     105*    5' 

Magnesia   .     . 

.     107*25' 

Manganese 

.     107*20' 

Iron       .     .     . 

.     107* 

Zinc       .     .     . 

.     107*40' 
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From  iJieflimiburity  of  the  angles  of  the  above  substances,  it  is 
evidoit  that  a  mere  inspection  of  the  crystals  will  not  be  sufficient 
to  distinguish  them  from  each  other;  and  in  order  to  do  so,  either 
accurate  measurement  or  chemical  investigation  must  be  resorted 
to.  It  is  also  further  observed,  that  substances  which  possess 
this  close  similarity  of  crystalline  form,  and  of  which  the  general 
chemical  formulsd  are  analogous,  have  the  property  of  replacing 
each  other  without  materially  affecting  the  form  of  the  resulting 
crystals. 

In  this  way  the  foregoing  carbonates  are  frequently  found  com- 
bined in  the  same  crystal,  the  angles  of  which  will  in  this  case  be 
remarked  to  be  intermediate  in  vaJue  between  those  of  the  crystals 
of  the  two  substances  which  it  contains,  and  to  approach  most 
nearly  to  the  measurement  of  those  of  the  carbonates  which  may 
happen  to  be  present  in  the  hugest  proportion.  If  a  mixture  be 
made  of  the  solutions  of  the  sulphates  of  iron  and  copper,  and 
crystallisation  be  effected  at  a  proper  temperature,  the  resulting 
crystals,  without  being  materially  idfected  m  form,  will  each  con- 
tain a  portion  of  the  two  dissolved  salts.  When,  instead  of  mixing 
the  salts  in  the  way  abo^e  described,  we  place  a  crystal  of  sulphate 
of  copper  in  a  saturated  solution  of  sulphate  of  iron,  a  coating  of 
the  latter  salt  will  speedily  be  formed  on  the  former,  and  if  this 
crystal  be  again  placed  in  a  solution  of  sulphate  of  copper,  a  coat- 
ing of  that  salt  may  be  formed  on  the  layer  of  sulphate  of  iron 
before  deposited.  Substances  which  thus  crystallise  in  the  same 
system,  and  are  capable  of  replacing  each  other  in  every  proportion, 
without  in  any  great  degree  affecting  the  form  of  the  resulting 
crystal,  are  said  to  be  i9&morphou8f  and  ihe  property  itself  is  called 
iaomorphism. 

Although  substances  having  the  peculiaritv  of  being  capable  of 
replacing  each  other,  without  producing  a  change  of  crystalline 
form,  are  found  to  possess  an  analogous  chemical  composition,  it 
does  not  follow  that  two  substances  having  a  general  resemblance 
in  this  particular  should  be  easily  made  to  combine.  If  mixed 
solutions  of  the  sulphates  of  iron  and  magnesia  are  allowed  to 
crystallise  by  spontaneous  evaporation,  the  two  salts  separate,  and 
distinct  and  pure  crystals  of  each  will  be  obtained. 

These  salts  have  a  similar  chemical  relation,  and  it  would  there- 
fore appear,  according  to  the  rule  above  mentioned,  that  they 
should  crystallise  together  in  all  proportions.  On  examining  the 
two  salts  thus  obtained,  however,  they  are  not  found  to  con^iin  a 
proportional  quantity  of  water,  and  therefore,  although  in  each 
case  the  relation  between  the  acid  and  base  is  the  same,  yet  the 
chemical  composition  of  the  two  must  not  be  regarded  as  similar, 
and  they  thei^ore  cannot  be  made  to  crystallise  together. 
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pssudomobphism:. 

It  sometimes  happens  thatbj  the  agency  of  certain  forces, 
crystals  undergo  a  change  of  composition  without  their  form  being- 
in  the  least  d^pree  affected.     In  this  way  we  find  spinel  change 
into  steatite,  and  iron  pyrites  into  red  or  brown  iron  ore.     We 
also  frequently  observe  that  cavities  once  occupied  by  crystals  of 
feldspar  become  filled  with  peroxide  of  tin,  or  that  crystals  of 
quartz  have  been,  as  it  were,  moulded  in  the  cavities  once  occupied 
by  fluoride  of  calcium.     It  is  extremely  difficult  to  understand 
how  some  of  these  changes  take  place,  but  the  same  causes  do  not 
appear  alwavs  to  produce  the  effect.    Specimens  of  galena  have 
been  found,  m  which  one-half  the  crystal  is  composed  of  sulphate 
of  lead,  whilst  the  other  still  remains  in  the  state  of  sulphide. 
In  this  case  the  oxidation  of  the  sulphide  is  evidently  the  cause 
of  the  difference  of  composition,  and  therefore  the  change  cannot 
be  ascribed  to  the  destruction  of  the  original  crystal  and  the  for- 
mation of  another  body  in  the  mould  left.     This,  however,  would 
appear  to  be  the  more  frequent  method  employed  by  nature  in  the 
formation  of  these  bodies,  although  it  is  difficult  to  understand 
what  could  have  been  the  nature  of  the  forces  by  means  of  which 
the  substances   composing  the   original   crystal  have   become 
removed.    The  pseudomorphous  crystals  of  quartz  and  oxide  of 
tin  are,  however,  evidently  casts  moulded  in  the  cavities  left  by  the 
destruction  of  other  and  differently  formed  bodies,  by  some  agent 
which  i^pears  in  no  degree  to  have  affected  the  rock  in  which 
they  were  imbedded,  as  the  angles  of  the  pseudomorphous  forms 
are  frequently  as  sharp  as  those  of  the  original  crystals.    Other 
bodies  besides  crystals  are  sometimes  replaced  in  the  method 
above  described,  and  in  this  way  it  is  no  uncommon  occurrence  to 
find  shells,  such  as  figs.  53,  54,  55,  56,  and  57,  replaced  by  iron 
pyrites. 


DET£BMIKATI0N  AKB  MSAStTBEMXlTr  OT  CBTSTALS. 

From  the  circumstance  that  the  shape  of  a  crystal  is  invariably 
connected  with,  and  dependent  on,  i^  chemical  composition,  it 
becomeB  a  matter  of  importance  not  only  to  ascertain  to  what  par- 
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ticular  system  it  may  belong,  but  also,  from  an  accurate  measure- 
ment of  its  different  angles,  to  determine  its  primitive  or  distinctive 
fonn. 

The  system  to  which  a  crystal  belongs  may  in  most  instances 
be  ascertained  by  a  mere  examination  of  the  nature  of  its 
modifications,  although  even  this  cannot  in  all  cases  be  effected 
without  the  aid  of  an  instrument.  If,  however,  we  require  to 
know  the  characteristic  form  of  the  crystal,  that  is,  the  vsJue  and 
relations  of  its  various  dimensions,  it  becomes  absolutely  necessaiy 
that  its  different  angles  should  be  accurately  measured,  and  in 
many  instances  trigonometrical  calculations  must  be  employed 
for  the  purpose  of  deducing  from  those  relations  which  admit 
of  direct  measurement,  such  as  cannot  at  once  be  thus  deter- 
mined. 

The  most  essential  operation,  in  order  to  ascertain  the  nature  of 
a  crystal,  consists  in  measuring  the  inclinations  of  its  various  £aces 
on  each  other,  and  for  this  purpose  instruments  called  goniometers 
are  employed.  These  are  of  two  kinds,  as  the  angles  may  be 
either  directly  and  mechanically  measured  as  by  the  applied 
goniometer,  or  as  in  the  case  of  the  reflecting  instrument,  the 
supplementary  angles  are  those  alone  obtained  by  immediate 
observation. 

The  applied  goniometer,  fig.  68,  is  composed  of  a  divided  semi- 
circle, to  which  are  applied  two  metallic  limbs,  of  which  one,  o^  6, 

^^  is  fixed  at  o  on  the  divisions, 
whilst  the  other,  d^f,  which 
is  moveable,  indicates  on  the 
half  circle  the  measurement 
of  the  angle.  In  order  to 
take  the  measure  of  an  angle 
by  means  of  this  instrument 
one  of  its  faces  should  be 
applied  on  the  fixed  limb, 
a,  6,  in  such  a  way  that  the 
edge  of  the  angle  be  exactly 
perpendicular  to  the  plane  of  the  graduated  semicircle.  The 
moveable  limb  is  now  to  be  turned  until  it  comes  in  contact  with 
the  second  &ee  of  the  crystal,  forming  the  required  angle,  when 
it  is  evident  that  the  number  of  degrees  comprised  between  the 
two  limbs  will  be  the  measure  of  the  angle  of  the  crystal. 

The  two  limbs,  ab,  d  f,  have  the  power  of  moving  in  the  slots 
%kjgh,ld,  in  such  a  way  as  to  admit  of  lengthening  or  shortening 
the  jaws  of  the  instrument,  c  a,  c  d,  so  as  to  adapt  them  to  the 
dimensions  of  the  crystal  to  be  measured.  Without  such  a  con- 
trivance  this   goniometer  would  be  comparatively  useless,    as 
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instances  frequently  occur  in  which,  either  from  the  size  or  situa- 
tion of  the  crystals  to  he  measured,  hut  very  short  jaws  could  alone 
be  applied  to  them. 

This  instrument  is,  however,  never  used  when  very  accurate 
resolts  are  required,  as,  in  the  first  instance,  it  is  extremely  difficult 
to  ensure  perfect  contact  hetween  the  hmhs  of  the  instrument, 
and  the  fiaoes  of  the  crystal;  and  in  the  second,  it  cannot  he  applied 
to  such  as  do  not  possess  a  considerahle  degree  of  hardness,  and 
is  consequently  seldom  applicahle  for  the  measurement  of  those 
which  are  artificially  produced  in  our  lahoratories. 

The  reflecting  goniometer  is  capahle  of  affording  very  accurate 
resnlis,  but  can  only  he  employed  for  the  measurement  of  crystals 
possessing  a  certain  degree  of  polish.  A  great  many  different 
instruments  of  this  kind  have  from  time  to  time  been  recommended 
by  mineralogists,  hut  they  are  all  founded  on  the  same  principles 
as  the  goniometer  invented  by  Dr.  Wollaston,  and  which  is  that 
most  generally  employed. 


WoUaston's  goniometer,  fig.  59,  consists  of  a  vertical  brass  circle 
L  L'  graduated  on  its  edge,  and  moimted  on  a  horizontal  support, 
P  q  r.  This  circle  admits  of  being  turned  by  means  of  the 
nnUed-headed  nut  v.  The  vernier,  v  w,  immoveably  fixed  to 
"W^  Pq^^J  *  ^rass  ^U'Dij  serves  to  measure  the  number  of 
de^^ees  through  which  the  edge  of  the  circle  has  been  made  to 
paas. 


..r 
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The  axis  which  supports  this  part  of  the  instrument  is  hollow, 
and  contains  another  moveahle  rod,  a  c,  turned  hj  the  nut  «.  At 
the  extremity,  c,  of  this  mterior  axis,  a  c,  is  attached  a  universal 
joint,  eg  ehj  on  which  the  crystal,  Z,  is  supported.  This  joint 
consistB  of  a  semicircular  piece  of  hrass,  cge,  articulated  at  ^,  and 
havmg  at  its  extrendty,  c,  a  hoUow  cylinder,  e/,  split  so  as  to  act 
as  a  spring  on  the  rod  b  d,  which  is  turned  hy  means  of  the  nut 
b.  The  rod  (  d  is  itself  spht  at  d,  where  a  thin  pkte'ef  hraas  is 
inserted,  on  which  the  crystal  is  to  he  secured  hy  a  little  softened 
wax.  The  crystal  heing  thus  placed  on  the  moveable  interior  axis, 
a  c,  may  be  turned  by  means  of  the  nut  «,  without  moving*  at  the 
same  time  the  graduated  circle  of  the  instrument,  or  j  if  the  nut 
V  be  employed,  both  the  circle  and  crystal  are  made  to  revolve 
together.  The  various  motions  of  which  the  support,  e g  ebdj 
admits,  make  it  easy  to  regulate  the  distance  between  the  crystal 
and  the  &ce  of  the  graduated  circle,  as  also  to  d^^^ngo  its  indina- 
tion  with  respect  to  the  plane  of  the  instrument.  T\nB  facility  of 
adjustment  of  the  support  is  absolutely  necessary,  as,  in  order  to 
measure  the  dihedral  angle  of  a  crystal,  its  edge  must  be  brought 
exactly  parallel  to  the  axis  on  which  the  graduated  circle  is  made 
to  revolve :  without  which  precaution  the  angle  obtained  would  not 
be  that  of  the  crystal  examined. 

When  the  instrument  is  to  be  used,  it  should  be  placed  on  a 
table  before  some  building  which  presents  several  horizontal  lines 
well  defined  on  its  exterior,  and  which  serve  as  sights  in  the 
operation  of  measuring  a  crystal 

The  edge  of  the  roof  is  usually  chosen  for  the  upper  sight,  and 
one  of  the  horizontal  bars  of  a  window  most  conveniently  answers 
the  purpose  for  the  lower  one. 

To  measiufe  the  angles  of  a  crystal  we  should  begin  by  getting 
the  graduated  plate  of  the  instrument  perfectly  vertical,  which  is 
effected  by  means  of  a  spirit  level  fixed  in  the  horizontal  foot,  and 
the  screws  x  xx.  It  is  also  necessary  that  the  graduated  circle 
should  be  perpendicular  to  the  fix)nt  of  the  house,  and  consequently 
to  the  lines  which  serve  as  sights  in  the  observation  which  is  to 
follow.  The  crystal  should  now  be  fastened  on  its  support  with  a 
little  wax,  softened  by  the  addition  of  turpentine,  and  the  edge  of 
the  required  angle  brought  precisely  parallel  to  the  axis  of  the 
moveable  circle.  In  order  to  do  thu  the  eye  is  placed  very  near 
the  crystal,  and  in  such  a  position  that  the  lower  sight  may  be 
seen  in  the  direction  of  its  edge.  The  interior  axis,  a  c,  is  then  to 
be  turned  in  such  a  way  that  the  eye,  still  retaining  the  same 
position,  may  be  enabled  to  see  the  upper  sight  reflected  in  one 
of  the  fkces  of  the  crystal.  The  direction  of  this  reflected  image 
ought  to  be  rigorously  parallel  to  that  of  the  line  taken  as  t£e 
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lower  sight  seen  directly.  Should  this  condition  not  be  Mfilled, 
the  oystal  mnst  be  readjusted  by  means  of  the  joints  attached  to 
the  support,  nntil  one  of  its  &ce8  is  found  to  be  perpendicular  to 
the  plane  of  the  graduated  circle.  If  the  second  face  satisfies  the 
same  oonditions,  it  la  a  proof  that  the  edge  of  the  crystal  is  itself 
perpendicular  to  the  plane  of  the  instrument. 

It  frequently  happens  that  a  number  of  trials  have  to  be*  made 
before  the  complete  parallelism  of  the  edge  can  be  thus  established: 
but  a  little  practice  soon  enables  this  to  be  done  with  considerable 
fiicflity. 

The  crystal  being  in  this  way  properly  placed,  we  may  proceed 
to  measure  the  angle.  For  this  purpose  180^  on  the  wheel  should, 
by  turning  the  nut  v,  be  made  to  coincide  with  o  on  the  yemier. 
!nie  ctys^  is  now  brought  in  such  a  position  that  the  image 
of  the  upper  sight  reflected  on  one  of  its  fisices  may  coincide 
with  the  Ime  used  as  the  second  sight,  seen  directly.  This  is 
effected  by  turning  the  nut  «,  which  moves  the  crystal  without 
affecting  the  position  of  the  divided  circle  JA/.  We  now  turn,  by 
means  of  l^e  nut  i;,  the  plate  LI/,  and  with  it  the  interior  axis, 
a  c,  together  with  the  crystal,  until  the  eye,  which  should  remain 
o<»istantly  in  the  same  position,  perceives  the  higher  sight  re- 
flected in  the  second  face  of,  and  in  coincidence  with,  the  lower 
line  chonen  as  a  sight,  at  the  beginning  of  the  experiment.  The 
angle  through  which  the  circle  has  moved,  and  which  is  the  sup- 
plonent  of  fiie  angle  of  the  crystal,  is  now  read  off  by  means  of 
the  fixed  vernier. 

In  order  the  better  to  understand  this,  let  us  suppose  that 
0  6  c,  fig.  60,  is  the  position  of  a  dihedral  angle  when  the  eye  of 
•n  obterver,  o,  perceives  ^^^^^gj^w  8^ 

the  image  of  the  "IT^^-^        \f^^  ^^"^^ 

right  8,  reflected  on  the   "TTjJ^  ^^^^ 

fiie  a  6  of  the  crystal,         r^^vNs.  ^/^^"^^ 

and  in  coincidence  at  the  ^^>^v.x'^»^^ 

tame  time  withthe  lower         '""if-*" 'F^^ 

right  M,  seen  directly.  ^\        ^pv^f\"v>-H 

It  is  evident  that  before  \        ^         '*0^'"-^-*. 

the  eye  can  percdve  the  \y^^         ^^\    ^**^C**^jc 

same  coincidence  on  the  ''^^^ — l^T'^'^^  * '** 

«*her  face  a  c  of  the 

angle,  the  crystal  must  have  assumed  the  position  cfV(f,ix}  effect 

wmch  the  face  a  e  must  be  made  to  describe  the  arc  m  n  p,  which 

^  be  the  supplement  of  the  angle  sought,  and  by  subtracting 

this  from  180^,  the  true  value  of  the  measurement  is  obtained. 

The  reflecting  goniometer  affords  means  of  measuring  the  anp^les 
of  crystals  ^they  present  good  reflecting  surfaces),  to  withm  a 
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few  minutes  of  error;  but  when  this  is  not  the  case,  it  is  some- 
times foimd  necessary  to  apply  a  piece  of  mica  to  its  faces,  in 
order  to  render  them  capable  of  reflecting  the  light  with  sufficient 
distinctness  to  allow  the  angles  to  be  taken. 

In  these  cases  the  thin  scales  of  mica  may  be  kept  in  their 
places,  either  by  a  little  gum  dissolyed  in  water,  or  in  some  in- 
stances by  water  only.  When  this  means  is  employed,  the  results 
can  only  be  regarded  as  being  approximations  te  the  truth,  and 
when  the  nature  of  the  crystal  will  admit,  the  direct  goniometer 
should  be  resorted  te. 


METHODS  OF  OBTADTINa  ABTIPIOIAL  OBYSTALS. 

The  ciystallisation  of  bodies  is  effected  either  by  fusion  and 
afterwards  allowing  them  te  cool,  or  by  their  solution  and  the 
subsequent  cooling  or  evaporation  of  the  liquids  in  which  the 
substances  are  dissolved. 

The  metals  are  frequently  obtained  in  the  crystallised  state  by 
fusion.  If  a  few  pounds  of  bismuth  be  melted  in  a  crucible, 
and  then  allowed  to  cool  until  a  pellicle  of  solid  metal  b^;ins  to 
form  on  the  surface,  ciystals  may  be  obtained  by  piercing  this 
crust  and  allowing  the  still  liquid  portion  in  the  centre  to  flow 
out.  On  breaking  the  shell  which  remains  after  this  operation, 
it  will  be  found  to  be  lined  with  beautiful  ciystals  of  bismuth  be- 
longing te  the  cubic  system.  Lead,  when  heated  in  large  masses, 
and  slowly  cooled,  also  deposits  crystals,  and  on  this  circumstance 
is  founded  one  of  the  more  recent  improvements  in  the  refining 
of  that  metal. 

Many  volatile  salts  and  other  bodies  may  be  obtained  in  a 
crystalline  stete  by  sublimation.  In  this  way  calomel,  corrosive 
sublimate,  camphor,  iodine,  benzoic  acid,  naphthaline,  and  a  vast 
variety  of  other  substances,  are  crystallised  and  purified  at  the 
same  time  from  the  non-volatile  substances  with  which  they  may 
be  contaminated. 

The  metallic  salts  are  generally  more  soluble  in  hot  than  in  cold 
water,  and  they  are  usually  crystallised  by  allowing  a  solution, 
saturated  at  a  high  temperature,  to  cool  down  slowly  to  a  lower,  " 
when  a  portion  of  the  salt  corresponding  to  the  difference  of  its 
solubility  at  the  two  temperatures  will  be  obtained  in  a  crystallised 
form.  In  order  to  obtain  fine  crystals,  it  is  necessary  that  the 
cooling  should  take  place  as  gradually  as  possible,  as  if  this  were 
rapidly  effected  the  molecules  of  the  substance  appear  not  to  have 
time  to  arrange  themselves  in  accordance  with  their  several 
impulses,  and  a  deposit  of  the  salt,  in  the  form  of  a  sandy  powder, 
will  be  the  result. 


jssTRODS  or  OBTAnruro  astifioial  osystals.         81 

When  particakrly  fine  cmtali  of  a  subsianoe  are  reqiiiied, 
tBaaufiictvere  are  in  tbe  habit  of  retarding  the  ooohng  of  the 
edntioii  by  aiiifidal  means,  such  as  suRoimoing  the  ciystaULaera 
VI&  aaw^rast  or  some  other  non-oondactm^  sabetance ;  in  this 
WBjy  and  by  placing  the  ciystals  obtained  fixnn  one  vessel  ia 
•Dottier  containing  a  fresh  solution  of  the  salt,  TCfj  huge  sped* 
mens  may  be  obtained. 

It  frequently  happens  that  a  neutral  solution  caimot  be  made 
to  jield  fine  crystals,  and  a  slight  excess  of  the  acid  which  it 
contains  may  in  most  instances  be  advantageously  added.  This 
addition  of  a  strong  acid  is  sometimes  found  to  assist  the  crystal- 
liBstion  of  other  substances  besides  salts.  Thus,  in  the  manu- 
fiKsture  of  tartaric  acid,  it  is  impossible  to  obtain  good  crystals  of 
thai  sabetance  without  the  addition  of  a  small  quantity  of  sul- 
phuric acid  to  its  various  solutions.  Light  also  appears  to  possess 
ooDsiderable  influence  on  the  phenomena  of  crystallisation,  as 
crystals  of  camphor,  when  found  on  a  glass  vessel,  are  invariably 
observed  to  be  attached  to  the  side  exposed  to  the  light;  and  the 
ome  fact  is  firequently  remarked  in  the  laboratory  with  regard  to 
other  substances  contained  in  the  bottles  on  the  shelves.  If  the 
station  of  a  salt  be  allowed  to  crystallise  in  a  room  lighted  by  a 
rasgle  aperture,  the  axes  of  the  crystals  will  all  be  turned  in  that 
dh^stion,  in  the  same  way  that  plants,  when  similarly  situated, 
are  always  inclined  towards  the  light. 

Ciy stals  are  also  found  to  form  better  on  rough  than  on  smooth 
nir&ces,  and  for  this  reason  a  nucleus  is  often  placed  in  the  liquor 
in  order  to  form  a  kind  of  foundation  for  the  crystals.  In  this 
way  we  find  sugar-candy  crystallised  on  strings,  bitartrate  of  polr- 
«h  on  sticks,  and  sulpluite  of  coppw  on  wires  of  the  same  metal. 
The  precise  form  assumed  by  crystals  of  a  given  substance 
appean  in  a  great  measure  to  depend  on  the  drcumstances  under 
which  they  are  produced.  Alum  purified  by  repeated  crystal- 
litttioDs  crystallises  in  octahedrons;  but  if  a  small  portion  of  an 
Kid,  or  another  salt,  be  added  to  the  solution,  mo^ed  crystals 
of  various  kinds  are  produced. 

With  nitric  acid  the  four  solid  angles  of  the  octahedron  are 
^•eh  repkced  by  a  face.  Hydrochloric  acid  gives  rise  to  the  faces 
of  the  icosahedron  or  twenty-sided  figure.  Boracic  add  deter- 
inineB  the  formation  of  cubic  crystals.  A  few  drops  of  the  solution 
of  carbonate  of  potash,  or  carbonate  of  ammonia,  produce  the 
Bsnte  result.  A  solution  of  alum  saturated  at  212^  ^elds,  on 
coding,  octahedral  crystals;  but  if  the  solution  be  made  m  covered 
veseels  at  a  higher  t^iiperature,  rhombohedral  dodecahedrons  and 
^npezohedrons  Mrill  be  produced.  From  the  observations,  made 
bj  M.  Beudant,  on  the  crystsJHsation  of  this  salt,  it  is  probable 
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that  the  various  forms  assumed  by  crystals  of  the  same  substance 
depend  not  only  on  the  nature  of  the  mixtures  from  which  they 
arc  deposited,  but  also  on  the  temperatures  at  which  their  solu- 
tiuas  were  dSTected,  and  affords  another  reason  for  believing  that 
the  form  of  a  crystal  is  governed  by  the  nature  of  influences 
developed  previous  to  the  existence  of  the  first  portions  of  the 
iohd  produced. 
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STATE  IN  WHICH  THE  METALS  ARE  FOUND  IN 

NATUEE— PHYSICAL  PEOPERTIES  OF 

MINERALS. 

Sous  of  tlie  less  oxidisable  metaJs  are  occasional] j  found  in  the 
maHeable  or  native  state,  althongli  the  larger  number  even  of  these 
are  commonly  associated  with  one  or  more  of  the  non-metallic 
dements,  sudi  as  oxygen,  sulphur,  or  arsenic.  By  far  the  greater 
portion  of  the  metals  are,  however,  met  with  in  combination  with 
one  or  other  of  the  three  elements  above  mentioned,  and  are  then 
said  to  be  mineralised.  The  resulting  compounds  are  called 
DunenJs,  and  when  these  can  be  employed  in  the  arts  for  the 
purpose  of  fomishing  the  metals  which  they  contain,  they  are 
knovn  by  the  name  of  ores.  Thus  a  copper  ore,  or  lead  ore, 
means  any  natural  combination  of  these  metals  with  other  bodies 
in  such  proportion  that  the  resulting  compound  admits  of  being 
advantageously  treated  for  the  metal  it  contains.  Many  of  the 
metallic  ores,  mstead  of  being  compounds  of  two  or  more  simple 
sabstances,  consist  of  natural  metalliferous  salts,  and  of  these  the 
carbonates,  silicates,  sulphates,  and  phosphates,  are  among  the 
most  oonmion  examples.  .  Among  the  metals  occurring  in  nature 
in  a  free  state,  are  gold,  platinum,  rhodium,  iridium,  palladium, 
abrer,  copper,  mercury,  antimony,  and  bismuth.  The  following 
metids  are  ahnost  invariably  found  in  combination  with  other 
mbsianoes — ^manganese,  iron,  cobalt,  nickel,  chromium,  tungsten, 
molybdenum,  vanadium,  zinc,  cadmium,  lead,  tin,  titanium,  and 
nauTun. 
te«cane. — ^Althou^  mineral  substances  are  occasionally  met 

vitii  in  the  form  of  crystals,  they   occur  with  much  greater 

fequency  in  the  state  of  masses  possessing  little  or  no  trace  of 

oyBtalline  arrangement. 
These  massive  minerala  consist  either  of  grains  more  or  less 

uinute,  of  leaves  or  huninffi,  or  of  small  columns  or  fibres.  In  the 

first  case,  the  structure  is  said  to  be  granular^  in  the  second 

fandlar,  and  in  the  third/^t»  or  columnar. 
When  the  structure  of  a  granular  mineral  is  rough,  it  is  said 

to  be  coarsebf  gramdary  as  in  some  varieties  of  marble. 
When  the  gpnins  are  fine,  it  is  faidxf  granular^  as  in  granular 

<rufftz :  and  if  the  grains  are  so  excessively  fine  as  not  to  be 
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detected,  the  structure  is  said  to  be  rnqxtlpable,  as  in  the  case  of 
chalcedony. 

When  granular  minerals  admit  of  being  crumbled  between  the 
fingers,  they  are  said  to  he  friable. 

Lamellar  minerals  may  exist  either  in  tibick  or  in  thin  leases ; 
and  these  may  also  possess  the  property  of  being  more  or  less 
easily  separated  from  each  other.  When  the  buninae  are  thin,  and 
easily  separated  fix)m  each  other,  they  are  called  foUaceous.  If, 
on  the  contrary,  they  are  thick,  the  tertn  tabular  is  often  applied 
to  them. 

The  laminsB  of  which  minerals  are  composed,  may  be  etotie,  as 
in  mica ;  flexible,  as  in  talc  or  graphite ;  brittle,  as  in  the  case  of 
diallage. 

M  inerals  possessing  a  columnar  structure,  are  called  flbrcve  when 
the  columns  are  Tery  minute  and  lie  in  the  same  direction,  as  in 
gypsum  and  asbestos. 

When  the  fibres  cross  each  other  so  as  to  form  a  kind  of  net- 
work, the  structure  is  termed  reticulated. 

When  the  laminse  radiate  from  a  common  centre,  the  stractare 
is  known  as  radiated  or  dwergent. 

The  forms  of  mineral  substances  are  also  frequently  exprooood 
by  names  derived  from  bodies  to  which  they  are  supposed  to  bear 
a  certain  resemblance.  Thus  remform  substances  are  those  pos- 
sessing the  shape  of  a  kidney.  When  the  surface  of  a  body  is 
made  up  of  groups  of  rounded  prominences,  it  is  called  botryoukU; 
or  if  the  protuberances  be  of  hu^r  dimensions,theterm  mamnUlary 
is  applied  to  it.  Filijbrm  means  like  a  thread ;  and  a  paralld, 
needle-formed  structure,  is  called  adctUar. 

It  sometimes  happens  that  mineraLs  occur  in  the  form  of  conical 
masses,  resembling  icicles,  which  in  many  instances  have  a  hole 
running  through  their  centre.  Carbonate  of  lime  offers  the  most 
niunerous  examples  of  this  kind  of  formation,  which  is  commonly 
occasioned  by  the  dropping  of  water  from  the  roof  of  a  cavern,  hi 
this  case,  the  water  surcharged  with  carbonic  add  holds  the  car- 
bonate of  lime  in  solution ;  and  when  that  escapes,  the  mineral  is 
deposited  in  the  solid  form.  The  cones  thus  depending  from 
the  roof  have  received  the  name  of  staJactitee,  and  are  in  most 
instances  placed  immediately  over  similar  formations  on  the  floor, 
called  sUdagmiteSy  by  the  imion  of  which  with  the  stalactites 
above,  complete  pillars,  from  the  floor  to  the  roof,  are  occasionally 
produced.  Chalcedony  and  brown  iron  ore  also  occur  in  the  form 
of  stalactites. 

Substances  having  no  regular  form  or  structure,  either  crystal- 
line or  imitative,  are  said  to  be  amorphoue. 
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tutecrAfVPevitftoBi — ^Minerals  may  be  either  briUiej  sectUe, 
maUM^JlmbJe^  or  tktgtk. 

When,  on  attraipting  to  cat  a  minerai,  portions  of  it  are  found 
to  break  pfi^  it  is  brMe. 

A  «otie  mineral  is  one  from  which  thin  pieces  may  be  cub  with 
a  knife,  but  which  is  reduced  to  powder  under  uie  blow  of  a 


A  substaoMse  is  said  to  be  waOsable  when  thin  pieces  of  it  may 
be  cat  off,  and  the  portions  thus  separated  admit  of  being  flattened 
by  hammering. 

When  a  mineral  admits  of  being  bent,  and  is  not  possessed  of 
mffident  elasticity  to  cause  it  to  resume  its  original  form  when  the 
fcroe  deflecting  it  is  withdrawn,  it  is  said  to  be  Jlexibie.  Talc  may 
be  died  as  a  eood  example  of  i^  property. 

If^  after  bemg  bent,  it  has  the  power  of  resuming  its  original 
poatun,  as  in  uie  case  of  mica,  the  body  is  said  to  1^  elastic, 

9mma^ — ^Minerab  are  possessed  of  four  diflerent  kinds  of 
frsetore;  these  are  severally  termed  conckoidalf  hackfyj  even^  and 


Whea  a  sabatanoe  breaks  with  a  conves  and  ooncave  surface,  as 
in  the  case  of  flint,  its  fracture  is  conchoidal. 
When  the  ekfftAaxma  are  sharp  and  uneven,  as  in  broken  iron,  it 

If  tiie  surfiice  is  nearly  flat^  its  structure  is  said  to  be  even. 
The  fracture  of  a  substance  is  said  be  uneven  when  its  surfaces 
sre  sabjeet  to  various  elevations  and  depressions. 

M«g*Mi  The  hardness  of  minerals  is  sometimes  employed  for 
tfa  pQipose  of  distinguishing  them  from  each  other:  by  this  means 
we  oould  never  fliil  to  recognise  the  diamond,  which  has  the  power 
<if  acntclung  all  other  bodies.  The  ruby  and  »^phire  also  scratch 
all  substances  with  the  exception  of  the  diamond.  This  test, 
■wreover,  affivds  an  easy  means  of  discriminating  between  real 
tad  artificial  gems,  as  the  extreme  hardness  of  the  one,  compared 
vith  that  of  tiie  other  class,  at  once  reveals  their  different  origin. 
Far  the  same  reason,  it  would  be  impossible  to  confound  crystal- 
bed  carbonate  of  lime  with  gypsum,  as  the  former  is  possessed  of 
^oniideEable  hardness,  whilst  the  latter  is  easily  marked  by  the 
B&L  These  distinctions  can,  however,  only  be  employed  in  cases 
^'hae  great  differences  exist;  for  as  yet  there  is  no  method 
•Qown  of  diai'riTni'nttfcing  by  thin  means  between  minerals  of  which 
tile  hardness  is  nearly  equal.  For  the  purpose  of  better  effecting 
tiieae  distinctions^  substances  of  different  degrees  of  hardness  have 
W  selected  to  serve  as  types  of  comparison.  They  are — 1.  Talc ; 
^  %pBum;  8.  Crystallised  carbonate  of  lime;  4.  Fluoride  of 
^^mm;  5.  Phosphate  of  magnesia;  6.  Feldspar;  7.  Quartz;  8. 
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Topaz ;  9.  Conindrum ;  10.  Diamond.  In  order  to  indicate  the 
hardness  of  any  hody  by  means  of  the  aboYe  table,  it  is  usual  to 
give  the  two  numbers  between  which  the  intermediate  body  is 
placed  with  regard  to  this  property ;  so  that  the  hardness  of  the 
emerald  would  be  expressed  by  Y--S,  which  means  that  it  is 
harder  than  quartz,  and  less  resistant  than  the  topaz. 

Od««r. — Some  minerals  have  the  property  of  ^ving  off,  imder 
certain  circumstances,  fumes  possessed  of  an  odour  which  may  be 
employed  as  a  means  of  detecting  the  substances  which  thej 
contain. 

If  an  ore  of  arsenic  be  nibbed  until  it  becomes  slightly  heated,  a 
distinct  smell  of  garhc  will  be  observed,  which,  on  heating  the  sub- 
stance before  the  flame  of  the  blowpipe,  becomes  still  more  appa- 
rent. This  odour,  which  is  characteristic  of  the  compounds  of 
arsenic,  is  termed  aUiaceofiS. 

When  selenium  or  a  selenide  is  strongly  heated,  a  distinct 
smell  of  decayed  horse-radish  is  perceived.  This  smell,  which  is 
peculiar  to  burning  selenium,  is  Imown  as  the  horse-radish  odour. 

The  odour  proceeding  from  burning  sulphur,  or  the  roasting  of 
a  sulphide,  readily  reveals  the  presence  of  that  substance,  and  is 
termed  stdphureous. 

When  certain  varieties  of  quartz  and  lime-stone  are  strongly 
rubbed,  they  give  off  the  odour  of  rotten  eggs.  This  peculiar 
smell  is  occasioned  by  the  evolution  of  sulphuretted  hydrogen ; 
and  substances  which  possess  this  property  are  termed  fetid. 

Clays  and  other  substances  containing  lai^  quantities  of  alu- 
mina afford  a  peculiar  odour  when  breathed  upon ;  whilst  a  few, 
such  as  pyrargilHte,  present  the  same  phenomena  when  heated. 
This  odour  is  termed  argillaceous,  and  may  frequently  be  observed 
in  the  open  air  just  as  the  ground  begins  to  get  moistened  by  a 
shower. 

TaMte. — ^The  taste  of  a  mineral  may  sometimes  be  employed  as 
a  means  of  its  determination,  although  it  seldom  happens  that  this 
alone  can  be  considered  conclusive  evidence  of  its  composition. 

When  a  substance  tastes  like  ink,  it  is  said  to  be  astringent. 

If  a  body,  as  in  the  case  of  common  alum,  possesses  at  the  same 
time  a  sweet  taste,  it  is  described  as  having  a  sweetish  astringent 
flavour. 

The  taste  of  common  salt  is  usually  called  saUne, 

Tastes  similar  to  that  of  soda  are  termed  alkaUne. 

Tastes  like  that  of  saltpetre  are  described  as  cooling. 

The  acids  are  sour,  and  certain  salts,  such  as  the  sulphate  of 
magnesia,  extremely  bitter, 

iHMuitT  •f  Speciiic  OmritT — By  the  specific  gravity  of  a  sub- 
stance is  understood  its  weight  as  compared  with  that  of  an  equal 
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bulk  of  some  other  body  taken  as  a  standard  of  calculation.  In 
the  case  of  solids  and  liquids,  distilled  water,  at  the  temperature 
of  60^  Faht.,  is  taken  as  this  point  of  comparison ;  but  the  densi- 
ties of  the  gases  are  usually  estimated  in  rdation  to  common  air 
taken  as  unity. 

In  (»der  to  determine  the  specific  gravity  of  a  solid  body,  it  is 
Deoessary  to  ascertain  its  weight  when  weighed  in  air,  and  also  to 
lesm  how  much  it  loses  in  weight  by  immersion  in  water.  If  we 
call  its  weight  in  air  W,  and  its  weight  when  suspended  in  water 
r,  it  is  evidient  that  W — w  will  represent  the  weight  of  an  equal 
bulk  of  that  liquid,  as  whenever  a  solid  is  placed  in  a  liquid  which 
oo?ers  it,  it  must  necessarily  displace  precisely  its  own  bulk  of  the 
medium  in  which  it  is  situated.  The  specific  gravity  of  a  body 
being  its  weight  in  comparison  with  some  other  substance  taken 
as  a  standard,  it  will  easily  be  obtained  from  the  above  data,  and 
is  noUiing  more  than  the  relation  existing  between  W  and  W — w, 


which  win  consequently  be  represented  by 


W 

-The  most  common  method  of  taking 
specific  gravities  is  by  means  of  an  ordinary  balance,  fig.  61,  of 
which  the  pans  are  suspended  by  strings  of  unequal  length.  In 
order  to  obtain  a 
density  by  this 
instrument,  the 
substance  to  be 
operated  on 
should  be  attach- 
ed, by  a  hair  or 
filan^t  of  silk, 
to  the  shorter 
pin,  which  has  a 
hook  adapted  to 
its  undo*  side 
fiw  that  purpose. 
*" ' '      should 


BOW  be  added  in  the  other  pan,  until  the  equilibrium  is  restored; 
>Bd  when  this  takes  place,  the  weight  W  wiH  be  noted  as  that  of 
^  substance  in  air.  To  obtain  the  corresponding  weight  of  an 
«qnal  bulk  of  water  at  the  temperature  of  60*  Faht.,  a  vessel  of 
that  Hquid  is  now  placed  imder  the  shorter  pan  in  such  a  way 
^  the  suspended  fragment,  of  which  we  desire  to  know  the 
density,  may  be  completely  immersed  in  it,  and  weights  are  to  be 
I'BQoved  fiiom  the  other  pan,  until  the  equilibrium  be  again  re- 
stored. 
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This  second  wdght,  w,  deducted  from  W,— tliat  obtained  Ij 
weighing  the  substance  in  air, — gives  the  weight,  W — w,  of  an 

equal  Tohime  of  water,  and  the  required  density-^^ is  si  onoe 

found  by  dividing  the  wdght  in  air  by  the  difference.  In  order 
to  conduct  these  operatMms  with  great  acouracy,it  is  necessary  to 
employ  a  very  delicate  balanca,  aiod  to  remove  any  bubbles  of  air 
which  may  attach  tiiemsdves  to  tiie  substance  when  pl^''ced  in 
water,  by  means  of  a  feather  or  camel's-hair  brush.  The  tem- 
perature of  the  water  should  also  be  kept  constantly  at  60^,  and 
any  variation  of  the  barometer  from  80  inches  should  be  duly 
allowed  ibr« 

iip>paa»  Oamwkf  ■•Site  In  cases  where  but  small  fragments 
of  a  substance  can  be  obtained,  the  instrument,  fig.  62,  is  most 
eonveniently  emjdoyedL  This  conaists  of  a  small  bottle,  of  whidi 
the  stopper,  nicely  fitted  by  grinding,  is  traversed  by  a  capillaiv 
tube,  and  is  so  arranged  that  it  cannot  sink 
beyond  a  line  markeid  on  the  neck  of  the 
plual.  By  this  means»  it  is  easy  to  obtain  a 
constant  weight  of  water  in  the  instnunenti 
since,  if  it  l^  filled  beyond  the  line  and  the 
stopper  afterwards  forcied  into  it,  the  redun- 
dant liquid  will  escape  through  tiie  capillary 
tube,  and  the  bottie  remain  exactly  frilL 

In  order  to  take  a  specific  gravity  b^  tiie 
aid  of  this  phial,  it  should  first  be  weighed 
full  of  water,  a  counterpoise  equivalent  to  the 
weight  of  the  bottle  b^ng  placed  in  the  oppo> 
site  scale-pan.  The  subs^ce  to  be  examined 
must  then  be  weighed  in  air,  and  afterwards  dropped  into  the 
bottle  of  water,  care  being  taken  to  avoid  the  loss  of  the  most 
minute  portion.  The  stopper  is  then  replaced,  so  that  ihe  bottle 
may  again  remain  completely  full,  and  the  whole  is  re-weighed. 
The  ddfference  between  the  weight  of  the  bottle  of  water,  W, 
added  to  the  weight  of  the  mineral  in  air,  W^  or  W4- W,  and 
that  of  the  bottle  of  water,  «o,  when  containing  the  fragment  to  be 
examined,  is  evidently  W-f  W — 10,  and  the  specific  gravity  sought 

will  oonsequently  be  represented  by  ' 


W+W- 

An  example  may  probably  render  this  explanation  more  easy  to 
understand. 

I  find  that  the  botUe  full  of  distilled  water  at  60^  Faht.,  and  30 
inches  of  the  barometer,  weighs  995*74  grains  =  W. 
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And  the  subetanoe,  which  is  ciystaUised  sulphate  of  baryta, 
wdghs  in  air  62*07  crains  =  W. 

The  botUe,  with  me  sulphate  of  baryta  and  water  together,  is 
found  to  weigh  1044'02  grains  =  w. 

The  united  weights  of  the  bottle  of  water  and  the  sulphate  of 
baiyta  together  b^ng  1057'81  grains,=W+ W,  the  weight  of  the 
equivalent  yolume  of  displaced  water,  will  be  1057'81 — 1044'02= 
13*79=W+W--».    It  therefoKfdlows  that  the  ^)ecific  gravity 

62-^  W+W 

ofBulphateGfbarytaisjg:^  =  4-50=    -^+^,11;^ 

A  cubic  foot  of  distilled  water  weighs  62*888  Iba.;  and  conse- 
qoently  the  Mme  bulk  of  sulphate  of  baryta  will  w^h  62*388  lbs., 
X450=»  280-746  lbs. 


(90) 


CONSTITUTION  OP  THE  EXTERNAL  CRUST  OP  THE 
EARTH. 

Ths  globe  on  which  we  live  is  made  up  of  mineral  subetanoes  of 
▼ery  vaiious  natures. 

The  aggregations  of  these  minerals  are  called  rocks,  and  are 
found  to  ^er  from  each  other,  not  only  in  their  chemical  compo- 
sition, but  also  in  their  mechanical  structures. 

In  certain  rocks  the  minerals  are  arranged  with  a  sort  of  general 
regularity.  They  are  then  said  to  be  sbraUfied,  and  are  apparently 
divided  into  regular  parallel  layers,  which  may  often  be  traced  over 
a  considerable  extent  of  surfiice.  It  freqaentiy  happens  that  these 
Tocks  possess  great  fiidlity  of  cleavage  in  the  direc^on  of  their 
stratification,  and  are  easUy  split,  as  in  the  case  of  roofing  slates, 
into  thin  sheets.  Those  which  possess  this  property  are  called 
'Stratified  rooks. 

Other  varieties  of  rock  do  not  possess  this  property;  so  that 
when  they  are  divided  by  fissures,  the  cracks  do  not  appear  to 
follow  any  particular  direction,  but  take  place  with  various  inclina- 
tions, without  any  appearance  of  symmetry.  In  contradistinction 
to  the  others,  these  are  called  non-ratified  or  cryatalUaed  rocks. 

The  non-stratified  rocks  are  composed  of  crystalline  minerals,  so 
arranged  as  to  resemble  a  mass  of  mineral  substances,  which,  after 
being  fused,  had  been  allowed,  by  slow  cooling,  to  group  themselves 
according  to  their  respective  affinities.  The  i^sidt  of  such  an 
experiment  would  be  to  produce  a  semi-vitreous  mass  containing 
various  crystals  disseminated  in  an  arbitrary  manner  throughout 
its  substance,  and  possessing  no  appearance  of  regularity  in  their 
grouping.  The  non-stratified  rodcs  present  precisely  this  appear- 
ance, and  are  consequently  supposed  to  have  been  modified  by  the 
influence  of  extreme  heat,  from  which  circumstance  they  are  also 
called  FkOordc  or  igneous  rooks. 

The  stratified  rocks,  on  the  contrary,  present  appearances  similar 
to  those  which  occur  in  the  deposits  daily  takiiig  place  in  the 
bottom  of  the  sea,  and  in  the  beds  of  rivers.  The  vast  quantities 
of  remains  of  aquatic  ftnimn-lfl  contained  in  almost  all  stratified  rocks 
also  renders  this  analogy  still  more  striking;  and  geologists  have 
therefore  come  to  the  conclusion  that  such  deposits  have  been 
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formed  under  the  surface  of  water,  and  have  consequently  assigned 
to  them  the  name  of  Neptunkm  or  sedimentary  rocks. 

The  deposits  which  occur  at  the  bottom  of  seas  or  lakes  will 
naturallj  take  the  form  of  horizontal  or  slightly  inclined  layers  ; 
and  it  is  evident  that  those  which  occupy  l£e  lowest  position  are 
first  deposited. 

The  different  stratified  rocks  foHud  in  various  parts  of  the  world 
were  probably  formed  in  a  similar  way ;  and  it  therefore  follows 
that  these  which  are  &rthest  from  the  present  surface  were  formed 
previous  to  those  above  them,  and  that  consequently  the  relative 
ages  of  the  various  stratified  rocks  may  be  at  once  determined  by 
^e  situation  which  they  occupy  in  the  series.  In  level  countries 
the  stratifications  are  found  lymg  in  nearly  horizontal  beds ;  but 
in  mountainous  districts  the  different  layers  are  usually  very  much 
inclined,  and  in  some  instances  are  even  vertical. 

It  also  frequently  happens  that  strata  possessing  considerable 
inclination  are  again  covered  by  a  series  of  horizontal  beds,  which 
are  then  said  to  be  in  discordant  stratification  with  relation  to  the 
former. 

These  appearances  are  evidently  produced  by  some  violent  con- 
vulsion of  nature,  by  which  the  beds,  which  were  in  the  first 
instance  horizontal,  were  forced  out  of  their  original  position  by 
the  upheaving  of  a  mass  of  non-stratified  rock,  carrying  with  it  in 
its  upward  movement  the  edges  of  the  strata  on  either  side.  If 
the  rocks,  after  having  assumed  this  position,  should  again  become 
covered  with  water,  it  is  evident  that  other  beds  having  a  nearly 
horizontal  direction,  and  being  therefore  in  discordant  stratification 
with  the  upheaved  portions,  will  be  deposited. 

A  case  of  this  kmd  is  represented  by  fig.  63,  in  which,  after 
raising  the  original  strata  to  a  considerable  distance,  the  igneous 
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rock  finally  bursts  through  them,  and  appears  as  a  granitic  or  trap- 
pean  hill.  Afber  the  expiration  of  a  certain  time,  the  surface  has 
been  again  covered  with  water,  and  horizontal  deposits  have 
taken  place,  although  the  summit  of  the  uplifted  granite  still 
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remainfl  above  the  whole.  The  sedimentary  deposits  in  the  imme^ 
diate  proximity  of  these  masses  of  the  primitive  rocks  which  have 
thus  been  forced  through  them  are  usually  found  to  be  considerably 
changed  in  their  structure,  and  the  change  becomes  more  apparent 
when  the  two  rocks  come  into  actual  contact.  Under  such  circum- 
stances, the  sedimentary  deposits  are  found  to  have  become  to  a 
COTtain  degree  crystalline,  as  if  the  heat  produced  by  the  injection 
of  the  melted  mass  of  phitonic  rock  had  so  &r  ftiaed  the  seoondaiy 
strata  as  to  admit  of  their  several  constituents  arranging  than* 
sdves  according  to  their  various  crystalline  impulses.  The  pheno- 
mena above  described  are  of  very  frequent  occurrence,  and  the  strata 
thus  modified  are  described  as  metamarpkic  rocks. 

It  is  evident  tiuit  the  change  of  level  produced  by  the  irmptaon 
of  the  igneous  rock  is  most  apparent  in  the  imme&iie  proximity 
of  the  imiptive  mass  itself,  and  that  they  gradually  subside  from 
those  points,  until,  at  no  very  oonsiden^  distance,  they  again 
assume  their  original  positions. 

These  sudden  changes  of  level  necessarily  produce  strong  cur- 
rents and  eddies  in  legalities  in  which  the  water  was  before  in  a 
comparative  state  of  rest ;  and  by  this  means  we  frequently  find 
hollows  formed  by  Hie  consequent  action  of  the  water  on  the  pre- 
viously deposited  strata.  Fig.  64  represents  a  valley  thus  prodnesd 


by  the  action  of  a  current,  which,  instead  of  depositing  firesh  strata, 
as  in  the  case  of  a  smooth  lake,  has  removed  those  already  formed, 
and  of  which  the  outcrop  may  be  traced  on  either  side  of  the 
cavity  produced. 

It  sometimes  happens  that  these  currents,  hollowing  out  the 
surfiu»  of  the  earth  into  valleys,  have,  by  means  of  subsequent 
changes  of  level,  again  become  sufficiently  tranquil  to  allow  of  the 
deposit  of  firesh  strata  in  place  of  those  removed ;  and  in  this 
case  new  beds,  fig.  65,  are  formed  in  discordant  stratification  with 
the  rocks  on  which  they  repose. 

Although  the  different  sbuta  of  which  the  earth's  crust  is  com- 
posed axe  found  to  succeed  each  other  in  regular  order  frt>m  the 
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pontion  of  whi<^  the  relative  age  of  any  particular  bed  may  be 
iBoertained,  yet  it  seldom  happeng  that  any  one  locality  poaseeae^ 
the  whole  of  them  without  interruption.  More  frequently  one,  or 
sometimes  several  members  of  the  series,  are  found  to  be  oitirely 


wmtmg ;  and  from  this  we  may  infer,  either  that  the  locality  was 
not  covered  with  water  at  the  time  that  the  missing  strata  were 
l>emg  deposited  elsewhere,  or  that  they  were  actually  formed,  and 
wbaequently  removedby  theagency  of  currents,  as  before  explained. 

These  breaks  in  the  seriesmight  sometimes  lesd  to  mistakes  with 
taped  to  the  precise  relative  ages  of  the  several  rocks,  did  not 
chanctera  of  a  diflbrent  class  lend  their  aid  in  the  determination 
of  the  epochs  of  their  formation.  The  greater  prop<»7tion  of  these 
iedimentary  deposits  retain  the  remains,  or  at  least  the  impressions 
left  by  the  various  plants  and  animals  which  inhabited  the  world 
it  the  time  of  their  formation.  These  animals  and  vegetables  differ 
lutiRially  in  their  characters,  according  to  the  position  of  the  beds 
in  which  they  are  found  ;  and  as  these  changes  are  frequently  very 
tleoded  even  in  two  adjoining  strata  of  a  series,  the  comparative 
i^ify  of  these  remains  evidently  places  in  the  hands  of  th^  geolo- 
gist a  valuable  method  of  ascertaining  the  ages  of  rocks. 

Geologists  have  long  sought  to  explam  the  causes  which  have 
pvodueed  the  immense  dislocations  and  upliftings  above  described; 
ttd  although  it  would  be  here  out  of  place  to  give  the  various 
iiieories  by  which  these  phenomena  have  from  time  to  time  been 
sx{^bined,  we  may,  nevertheless,  briefly  advert  to  one  great  agent 
which  may  probi^ly  have  acted  an  important  part  in  producing 
fladi  changes. 

Geodesy  teaches  us  that  the  world  we  inhabit  is  a  spheroidal 
figure  flattened  in  the  direction  of  the  axis  of  its  rotation.  This 
^  precisely  the  figure  that  a  liquid  globe  would  assume  if  made  to 
^ohe  rapidly  on  its  axis.  From  this  and  other  circumstances, 
it  becomes  probable  that  the  earth  was  originally  in  a  state  of 
^Qoon,  and  that  under  the  influence  of  extreme  heat  its  present 
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fonn  was  assumed.  It  is  thus  evident  that  its  temperature  would, 
by  radiating  into  space,  become  progressivelj  less,  and  ako  that 
this  cooling  would  proceed  more  rapidly  at  the  surface  than  towards 
the  centre.  If  this  supposition  be  correct,  the  temperature  of  the 
earth,  even  at  the  present  day,  should  be  greater  towards  its 
centre  than  at  the  surface ;  and  this  is  actually  found  by  experi- 
ment to  be  the  case. 

In  mines,  and  during  the  sinking  of  artesian  wells,  it  bas  been 
constantly  observed  that  at  a  certain  distance  from  the  surface  a 
point  is  attained  at  which  the  variations  of  the  seasons  in  no  way 
affect  the  temperature,  but  that  beyond  tbat  point  it  regularly 
augments  as  the  depth  increases.  This  increase  is  found  to  be 
about  V*  Faht.  for  every  55^  feet ;  and  consequently  at  a  depth 
of  200,000  feet,  a  temperature  of  3,600^  will  be  attained ;  and  as 
this  is  not  ^th  part  of  the  length  of  the  earth's  radius,  we  may 
conclude  that  at  a  depth  less  than  -^th  of  its  diameter,  aU  the 
matters  which  compose  its  crust,  are  m  complete  i^on,  as  no  sub- 
stance with  which  we  are  acquainted  eould  resist  so  elevatecl  a 
temperature. 

If  we  now  conceive  that  from  the  cooling  which  takes  place  at 
the  surface  a  contraction  of  the  solid  crust  is  produced,  it  becomes 
evident  that  the  central  Hquid  mass  will  become  more  or  less  com- 
pressed, and  that,  from  bemg  unequally  restrained  in  its  various 
parts,  it  must  cause  a  rupture  at  the  point  of  least  resistance. 

These  eruptions  will,  in  most  instances,  have  dislocated  the  sedi- 
mentary deposits  which  may  have  been  formed  previous  to  the 
discbarge  of  the  injected  matters ;  or,  if  this  should  not  have  taken 
place,  they  will  be  displaced  without  fracture,andproduoe  an  undu- 
lated appearance  in  the  stratification. 

From  phenomena  which  continually  occur  in  the  neighbourhood 
of  high  mountains,  it  is  evident  that  these  elevations  are  generallj 
due  to  forces  thus  acting^  from  the  centre  of  the  earth  towards  ite 
circumference ;  and  from  the  nature  of  the  strata  traversed,  geolo- 
gists are  enabled  to  establish,  with  great  precision,  the  relative  ages 
of  the  different  mountain  ranges. 

From  long  series  of  investigations  of  this  nature,  we  learn  that 
several  successive  eruptions  of  great  magnitude  have,  at  distant 
periods,  occurred  on  the  face  of  the  globe,  giving  rise  to  the  differ- 
ent duuns  of  mountains  which  extend  in  various  directbns  over 
its  surface ;  and  geologists  consequently  class  the  stratified  rocks 
into  certain  groups,  of  which  the  formations  are  supposed  to  be 
separated  by  the  eruptions  which  have  produced  the  principal 
mountain  chains. 

The  rocks  which  constitute  the  exterior  crust  of  the  earth  were 
at  first  divided  into  two  classes,  distinguished  by  the  names  of /ir»- 
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frnUm  and  secondary  formations.  By  the  fonner  term  were 
designated  all  the  ciystskUine  rocks,  while  the  latter  was  coUec- 
ti7elj  applied  to  the  sedimentary  deposile.  It  was  suhsequently 
fonnd  necessary  to  sabdivide  the  secondary  class  into  different 
minor  groups,  and  for  this  purpose  the  terms  trandUonj  seccyndcnyt 
and  tertiafy,  were  employed.  The  first  of  these  was  applied  to 
the  lower  slaratified  rodcs,  which,  although  distinctly  sedimentary, 
fltill  contain  crystalline  minerals  in  considerable  ahimdaDce.  The 
name  of  tertiary  was  given  to  the  more  recent  stratified  forma- 
tkms,  whilst  the  original  term,  secondary,  was  applied  to  all  the 
intermediate  rocks.  This  method  of  classification  was,  however, 
fonnd  to  cause  ^reat  confusion  of  ideas,  as  each  writer  fixed  the 
fimits  of  thevanons  dasses  in  accordance  with  his  own  particular 
Cfnnions;  and  consequently  these  terms  are  fast  disappearing  from 
geological  works,  and  are  superseded  by  a  classification  based  on 
ihe  relative  i^es  of  the  several  deposits  as  referred  to  the  period 
of  elevation  of  some  particular  mountain  chain. 
• 

OP  TH£  FHIKOIFAL  EXNDS  OE  BOCKS. 

The  FrimitiTe  Bocks  are  chiefly  composed  of  mixtures  of  dif- 
ferent crystallised  minerals,  of  which  the  principal  are  quartz, 
iiddspar,  miea,  amphibole,  and  pyroxene. 

Quartz  is  merely  another  name  for  silicic  acid.  Feldspar  is  a 
mineral  composed  of  the  silicates  of  alumina  and  lithia,  potash  or 
aoda.  Mica  is  formed  of  the  silicates  of  lime,  potash,  soda,  and 
oxide  of  iron.  Amphibole  and  pyroxene  are  both  silicates  of 
thmiina,  Hme,  and  protoxide  of  iron. 

toBiie»  whi^  constitutes  by  far  the  largest  portion  of  the 
pnmitive  rock,  ia  composed  of  a  mixture  of  feldspar,  quartz,  and 
mica  The  rdative  proportions  of  these  minerals  differ  in  the 
natms  kinds  of  granite,  and  the  admixture  of  small  portions  of 
^  oxides  of  iron  or  manganese  firequently  causes  considerable 
variation  of  colour.  The  proportions  in  which  the  ingredients 
eombine  vary  in  the  different  species.  Such  as  contain  a  great 
preponderance  of  feldspar  are  frequently  described  as  parphyriHc. 

Pwpfcjiij  is  a  species  of  granii^  in  which  the  quaitz  and  mica 
tte  entirely  wanting,  and  therefore  consists  of  a  mass  of  feldspar 
emtaining  crystak  of  the  same  substance. 

ChMiM  is  a  granite  in  which  aU  the  scales  of  mica  are  laid  in 
fte  game  direction,  giving  to  the  mass,  to  a  certain  degree,  the 
appearance  of  being  stratified. 

THwAyiwi  are  the  products  of  volcanos  of  very  ancient  date, 
nd  lometimes  s^ppear  to  have  flowed  in  the  form  of  lava,  and  at 
o&en  to  have  been  merely  thrown  up  in  a  pasty  state,  as  it 
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freqaently,  on  coming  to  the  sorfiioe,  grven  nee  to  hills  poflPOMnny 
roimded  outlines.  The  trachytes,  like  the  parphjiies,  are  oompoeed 
of  a  feldspar  base,  and  freqiieiitlj  contain  lai^  imbedded  crjstala 
of  that  mineral. 

MmmaMm  ave  the  eruptums  of  more  modem  vokanoe  than  thoio 
giving  rise  to  the  trachytes.  They  are  composed  of  a  mixture  of 
pyroxene  (silica  of  hme,  manganese,  and  inm),  and  labradoixte  (a 
kind  of  feldspar,  containing  alumina,  lime,  and  soda).  It  fir^ 
quently  happens  that  when  this  sabstance  reaches  the  smrfiiee 
after  forcing  a  passage  throogh  the  yarioos  sedimentary  forma- 
tions, it  spreads  out  into  rounded  heads,  and,  if  the  conformation 
of  the  country  be  &Yourable,  horizontal  beds  of  considerable  ex- 
tent are  thus  produced.  The  texture  of  the  sedimentary  deposits 
in  the  immediate  proximity  of  the  fissures  through  wluch  these 
basaltic  masses  hare  been  proiected  is  always  considerably 
changed;  and  in  some  locaJities  where  beds  of  lignite  haye  been 
thus  trayersed,  they  are  found  to  be  converted  into  coke  by  the 
intense  heat  eTolved  during  the  eruption.     ^ 

Basalts  generally  exhibit  a  tendmcy  to  form  immense  columns 
joined  togd;her  by  their  lateral  feces.  These  are  frequently  nx- 
sided,  and,  feom  their  great  r^ularity,  present  the  appearance  of 
a  gigantic  crystallisation,  although  they  are  in  realiiy  produced 
by  the  shrinking  occasioned  by  the  cooling  of  the  mass  after  being 
thrown  on  the  surfece. 

Wmrm»  are  the  mineral  substances  rendered  liquid  by  heat  whidi 
flow  from  Yolcanos  of  the  present  epoch,  and  are  generally  fe>und 
extended  in  the  form  of  thm  strata,  or  appear  as  a  coating  on  the 
decliyities  of  the  mountains  from  which  tiiey  haye  been  ejected. 

The  name  of  BckUt  is  appHed  to  minerals  possessing  the  pro- 
perty of  being  easily  separated  into  thin  layers,  and  which  present 
the  foliated  appearance  observed  in  common  roofing  slate. 

The  term  aand  is  applied  to  small  disconnected  particles 
of  quartz. 

When  these  grains  are  united  by  a  silioeous  cement,  the  result- 
ing rock  is  called  grit  or  scmdatone.  This  is  sometimes  found  of 
a  white  colour,  but  is  more  fr^uently  stained  l^  some  metallic 
oxides,  as  in  the  old  red  sandstone,  which  owes  its  colour  to  the 
presence  of  peroxide  of  iron. 

Caicareens  JBLotkm  are  composed  of  carbonate  of  lime,  and  are 
called  by  various  names  according  to  their  state  of  aggregation. 
In  marbles  and  Iceland  spar,  it  occurs  in  crystals:  in  lias  lime- 
stone, it  is  compact;  and  in  chalk  almost  pulverulent.  The  colours 
of  calcareous  rocks  are  even  more  various  than  their  structures. 
Iceland  spar  is  perfectly  transparent;  pure  marble  and  chalk  are 
white,  whilst  other  varieties  of  this  substance  possess  colours 


€aOIX>eiCA]^  DIYISIOK  OF  THB  EABTH's  CBVBT. 


97 


difiermg  accoidiiig  to  the  nature  of  the  organic  or  morganic  sub- 
stances by  which  thejr  are  stained. 

Ci»7» — ^The  different  kinds  of  clay  are  chieflj  composed  of 
fiiHcote  of  ahunina,  although  nearly  all  of  them  also  yield  traces 
of  flificate  of  potash:  they  occur  in  a  plastic  state,  and  are  princi- 
pally remarkable  for  their  impermeability  by  water.  When  days 
contain  considerable  quantities  of  carbonate  of  lime,  they  are  called 

Hr^nted  maaA  Amlkj^rmn  fihdplMtfe  •f  MJme  occurs  in  laree 
quantities  in  the  secondary  formations,  and  is  either  found  m 
vegular  beds,  or  in  isolated  lenticular  masses. 

GBOLOaiOAL  DinSIOK  OF  THE  EABTH's  OBVBT. 

The  following  table,  extracted  from  the  '^Geological  Observer" 
of  Sir  H.  T.  De  la  Beche,  shows  the  relative  positions  of  the 
aereral  geological  formations  of  Western  Europe,  together  with 
the  natmre  of  the  various  rocks  of  which  they  consist : — 

UPPEB  STRATIFIED,  oe  FOSSILIFEROUS  ROCKS. 

L  TERTIARY,  OB  CAINOZOIC. 
11.  SECONDARY,  or  MESOZOIC. 
IIL  PRIMARY,  OR  PALfiOZOIC. 

L  Tebtiart,  OB  Cadiozoic. 

fa.  Mineral  accnmnlatbiu  of  the  present  time. 

.    .  ib,  Plebtooene. 

(e.  Pleiooene. 

.    .    a.  Miooene. 

.    .    a.  Eocene. 

II.  Sbcondabt,  or  MEBozoia 

a.  Chalk  of  Maestricht  and  Denmark. 

b.  Ordinary  chalk,  with  and  without  flints. 

c.  Merstham  beds,  or  upper  green  sand. 
dL  Ganlt 
e.  Shanklin   sands,  Yecten,  neooomian,   or  lower 

green  sand. 
I  'a.  Wealden  clay.  "^  Organic  remains  in  these  are 
ib.  Hastings  sands.  >     of  a  fluviatile,  lacustrine,  or 

c,  Purbeck  series. )      estuary  character, 
^a.  Portland  oolite  or  limestone. 

c  Portland  sands^ 

d.  Kimmeridge  day. 
«.  Coral  rag  and  its  accompanying  grits. 
/  Oxford  clay,  with  Kelloway  rock. 
g.  Combrash. 

A.  Forest  marble  and  Bath  oolite, 

i.  Fuller's  earth,  day,  and  limestone. 

It.  Inferior  oolite  and  its  sands. 

I  Idas,  upper  and  lower,  with  its  intermediats 

marlstone. 
H 


A.  Upper  Tertiaiy.  . 

B.  Middle  Terriary. 

C.  Lower  Tertiary.  . 


jf .  CRtaoeoaa  Gnmp. 


B.    Karine  equivalents  of 


C  JvnMsic,  or  Oolitic 
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£.  Silaiian  group. 


F.  CambrUm  group. 


/a.  Variegated  maila,  Uamea  Iiitt^  Keqwr. 
D.  Trias  group.  .    .    .    .  •<  6*  MuachelkaJk. 

(e.  Bed  sandrtone,  6r^  Bigaix^  Bunter  Baodsfcem. 

IIL   PbIMABT,  OB  PALAOZOia 

fct.  Zecihsteiii,  dobmitict  or  magmwan  limestoiie. 

A.  Pennian  group.  .    .    .  <  ft.  Bothe  todte  liegeode,  lower  new  red  oonglome- 

(,        rate  and  sandBtonea,  grte  rouge. 

B.  Httim  .q<>iyia«.ta  of  .  {'  ^^^JtS^^  ""^  °'"^'  ***'  '^'*^ 

(a.  CariioDiferoas  and  monntain  Bmestone  with  its 

G.  Carix)niiiBnms  lime-        J      '   coal,  sandstone,  and  shale  beds  in  some  dit- 

stone  group.  j  tricts.     Calcaire  carbonif  ^  Bergkalk. 

I  ft.  Carboniferous  slates  and  yeUow  sandstooe. 

T,    n •  .  i<^  Various  modifications  of  the  old  red  flandstone 

D.  Devonian  group.      .    .  ■<         ieri«« 

'a.  Upper :  Ludlow  rocks,  Wenlock  shale  and  lime- 
stone, Woolhope  limestone, 
ft.  Middle :  Caradoc  sandstone  and  oonglomente. 
c  Lower :  Llandilo  and  Bala  beds. 

Barmouth  sandstones,  Penriijn  slates,  &c  Va- 
rious rocks  salrjaoent  to  the  Sflurian  series  in 
Wales  and  Ireland,  and  above  the  mica  and 
chlorite  slates,  quartz,  and  other  rocks  of  An- 
glesea  and  part  of  Caemarronahire. 
Unknown:  probablj primitiviB. 

OF  METALLIFEBOUS  DEPOSITS. 

Mmeral  deposits  are  of  different  kinds,  and  have  reoeiyed  dis- 
tinct names  according  to  their  various  natures. 

HiMna  TdMB. — The  surface  of  the  earth  is  in  many  localities 
trayersed  hy  clefts  or  fissures,  prohably  produced  by  great  conyul- 
sions  of  nature  which  have  occurred  in  remote  ages.  These  are 
sometimes  found  to  be  filled  by  the  trachytic  or  porphyritic  rocks, 
by  the  injection  of  which  the  fissures  were  formed,  whilst  in  other 
instances  they  contain  yarious  metals,  either  in  a  free  state,  or  in 
different  forms  of  combination.  In  the  former  case  these  forma- 
tions are  termed  dykes,  but  when  they  contain  metaUic  ores  they 
are  called  mineral  yeins. 

It  is  not,  howeyer,  essential,  that  ayein  should  contain  a  metal, 
as  whenever  a  fissure  has  been  filled  with  a  crystalline  depoeit 
which  is  not  of  trappean  origin,  it  is  thus  denominated.  Mineral 
veins  are  chiefly  found  either  in  the  primitive  rocks,  or  in 
the  transition  deposits  in  their  immediate  vicinity,  and  in  such 
localities  the  greater  number  of  our  most  productive  mines  axe 
situated. 

Mineral  veins  are  ofben  nearly  perpendicular  in  their  direc- 
tion, although  they  sometimes  possess  considerable  indination. 
Generally  speaking,  a  vein  may  be  regarded  as  a  plane,  of  wbich 
the  extension,  in  kngth  and  depth,  is  imknown,  as  the  former  ia 
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vsnallj  bounded  by  a  contraction  too  small  to  induce  the  miner 
to  follow  it,  and  the  latter  ib  frequently  greater  than  that  of  the 
deepest  mines.  It  seldom  happens  that  an  isolated  vein  is  found 
in  any  particular  locality,  and  with  but  few  exceptions,  where  one 
has  been  discovered,  others  may  safely  be  inferred  to  be  at  no  con- 
siderable distance. 

It  is  often  found  that  all  the  veins  of  the  same  locality  have  a 
nearly  similar  direction,  and  if  two  distinct  systems  of  lodes  should 
occur  in  the  same  neighbourhood,  those  running  in  one  direction, 
if  metalliferous,  yield  a  different  metal  from  those  which  do  not 
Mkm  the  same  course. 

In  mining  districts,  certain  technical  terms  are  employed  for  tho 
porposeof  ezpressingthe  different  circumstances  relatmgto  mineral 
deposits ;  and  it  is  therefore  necessary,  before  entering  into  any 
details  on  this  subject,  to  explain  the  meaning  of  those  which  are 
of  most  frequent  occurrence.  In  the  first  place,  the  rock  in 
which  the  lode  is  found,  whatever  may  be  its  composition,  is 
caDed  the  covntry;  the  veins  containing  the  metallic  ores,  are 
Ma ;  and  those  which  are  not  productive  in  metal,  and  are  not  in 
the  usual  direction  of  the  lodes  of  the  district,  are  called  croaa- 
eimnes;  the  dip,  or  inclination  of  the  vein  towards  the  horizon,  is 
iinhade,  slope,  or  underUe;  and  its  intersection  with  the  surface 
constitutes  what  is  called  its  run,  or  direction ;  stringe  are  small 
filaments  into  which  the  vein  sometimes  splits,  and  of  these,  those 
which  are  very  small,  are  sometimes  called  threads. 

The  two  sides  of  the  cavity,  which  contain  the  lode,  and  which 
eoDseqaently  regulate  its  thickness,  are  called  its  W€dl8;  and 
if  the  vein  has  a  considerable  inclination,  its  upper  boundary  is 
termed  the  hanging  vxdl,  and  the  lower  the  foot  tocUl, 

Besides  the  productive  lodes,  all  mining  districts  are  traversed 
by  others,  which  frequently  intersect  the  former,  nearly  at  right 
ttg^,  but  which,  in  the  majority  of  cases,  are  not  metalliferous, 
or,  if  they  should  contain  minerais,  they  are  seldom  of  the  same 
land  as  those  occurring  in  the  other  lodes.  The  principal  sub- 
itttces  which  occur  in  these  cross-courses  are  quartz  and  clay ; 
tike  quartz  being  mostly  crystalline. 

These  cross-courses  frecjuently  produce  fauUs  or  slides  in  the 
anginal  lodes,  which  materially  impede  the  operations  of  the  miner, 
>Bd  Bometinies  cause  large  sums  of  money  to  be  unproductively 
expended.  This  is  occasioned  by  the  circumstance  that  when  two 
veins  cross  each  other,  the  older  of  the  two,  or  original  lode,  is 
^bnost  invariably  more  or  less  thrown  out  of  its  primitive  direction 
hj  the  sinking  or  uplifting  of  one  of  the  walls  of  the  more  recent 
▼«n.  If  the  side  of  the  cavity,  in  the  direction  followed  by  the 
soDer,  has  sunk,  the  accident  is  called  a  heave;  but  if  the  discre- 
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pancy  has  been  caused  by  an  apparent  uplifting  motion,  the 
original  lode  will  seem  to  have  sunk,  and  the  fracture  is  called  a 

dide, 

Thenatureof  these 

dislocations  will  be 
betterunderstoodby 
reference  to  fig.  66, 
inwhichamovement 
is    represented    to 
have  taken  place  in 
the  direction  indi- 
cated by  the  arrows. 
/S      The    sliding     of 
the  superincumbent 
mass  on  the  plane  of 
the  cross-course,  a 
hy  has  caused  a  corresponding  descent  of  the  upper  portions  of  the 
two  veins,  cdfe/,  in  the  same  direction,  and  as  the  lower  parts,  e 
d,  ef,  still  retiun  their  original  position,  the  spaces  c  d,  ej,  must 
necessarily  occur  between  those  portions  of  the  lode  which  were 
in  perfect  coincidence  previous  to  the  rupture.     In  this  instance 
it  has  been  assumed  that  but  one  dislocation  has  taken  place,  and 
it  will  therefore  be  easy  for  the  miner,  after  he  has  discovered  the 
direction  of  the  heave,  to  find  the  other  portion  of  the  lost  lode. 
In  order  to  do  this,  he  will  merely  have  to  proceed  along  the 
course  of  the  fault  in  an  opposite  durection  to  that  of  the  axrowB, 
by  which  means  he  is  sure  of  finding  the  portion  of  the  lode  which 
has  remained  in  its  original  position. 

It,  however,  not  unifrequently  happens  that,  instead  of  one 
rupture,  several  successive  dislocations  have  taken  place,  and  in 
this  case  the  working  of  the|  lodes  in  the  neighbourhood  is  often 
extremely  troublesome,  as  when  the  vein  is  once  lost,  it  becomes 
a  matter  of  great  difficulty  to  find  its  continuation  beyond  the 
several  faults  by  which  it  has  been  divided. 

From  what  has  been  said  of  the  nature  of  these  accidents,  it  is 
evident  that  the  veins  dislocated  are  always  more  ancient  than 
those  by  which  their  continuity  has  been  interrupted,  and  conse- 
quently the  study  of  the  different  systems  of  faults  which  occur 
in  a  district  affords  the  geologist  a  sure  means  of  judging  of  the 
relative  ages  of  the  mineral  veins  which  it  may  contam. 

The  composition  of  mineral  deposits  also  appears  to  be  some- 
what affected  by  the  nature  of  the  rock  through  which  they  pass, 
as  certain  minerals  are  found  to  exist  in  large  quantity  in  the 
portion  of  a  lode  which  passes  through  one  kind  of  rock,  whilst 
m  another  of  a  different  composition  they  are  either  of  unfrequent 
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occorrence  or  entirely  absent.  As  a  general  rule,  those  veins 
are  found  most  productiye  which  are  situated  in  the  immediate 
neiglibourhood  of  the  junction  of  two  different  species  of  rock. 
In  Cornwall,  from  whence  a  lai^  proportion  of  the  mineral  riches 
of  this  country  are  extracted,  aU  the  most  productive  mines  are 
ffltoated  near  tiie  point  of  meeting  of  the  granite  and  kiliaa,  or 
cky-date. 

*««*^  B««fc — ^With  the  exception  of  the  ores  of  iron,  the 
metallic  minerals  are  almost  exclusively  raised  from  regular  veins, 
although  they  may  sometimes  occur  in  small  quantities,  dissemi- 
nated in  the  various  rocks  in  the  vicinity  of  the  lodes  which 
produce  them  in  larger  amounts.  The  ores  of  iron,  like  other 
minerals,  often  occur  in  regular  lodes,  but  are  chiefly  deposited 
either  in  distmct  strata,  as  in  the  case  of  the  black-band  iron- 
atone  found  in  the  coal  districts,  and  which  is  often  extracted 
throt^hthe  same  pits  as  the  coal  itself,  or  exist  in  irregxdar 
^fiporits  probably  produced  by  the  infiltration  of  ferrugmous 
waters,  as  is  sometimes  remarked  in  localities  which  yield  the 
diffierent  varieties  of  oolitic  iron-ores.  These  irregular  masses  of 
metalliferous  ore  are  also,  though  less  frequently,  found  to  produce 
other  metals,-— such  as  tin,  lead,  or  copper ;  but  the  occurrence  of 
meh  deposits  is  generally,  in  the  case  of  these  minerals,  considered 
an  iin&vourable  indication  of  the  ultimate  value  of  the  district  for 
mining  purposes. 

JOivtei  Dcipoaito — Besides  these  more  ancient  formations  of 
minoal  ores,  it  sometimes  happens  that  the  valleys  in  the  neigh- 
bonrhood  of  metalliferous  rocks  have,  in  the  course  of  a  long  series 
of  yean,  become  partially  filled  by  sands  washed  from  the  sur- 
romiding  mountains,  and  which  are  found  to  contain  a  portion  of 
^  metallic  riches  of  the  hills  of  which  they  once  formed  a  part. 
In  8ome  districts  such  deposits  are  extremely  common,  and  afford, 
bj  washing,  large  quan^ties  of  various  metals.  In  ComwaU, 
most  of  the  valleys  in  the  tin  districts  yield  sands  containing  the 
peroxide  of  that  metal.  This  is  extracted  by  washing  in  a  stream 
rf  water,  when  its  greater  density  causes  it  to  remain,  whilst  the 
hg^ter  impurities,  with  which  it  is  associated,  are  washed  away. 
In  the  island  of  Banca,  in  the  eastern  Archipelago,  large  quanti- 
^  of  tin  ore  are  thus  obtained,  and  the  extent  to  which  such 
^iperatkms  are  carried  on  may  be  imagined,  when  it  is  mentioned 
that  as  much  as  3500  tons  of  this  metal  have  been  annually  exported 
from  that  island.  The  stanniferous  gravels  of  Cornwall  are  seldom 
^onnd  immediately  at  the  smrfeceof  the  groimd,  bnt  are  generally 
«wered  either  by  a  layer  of  other  gravel,  mixed  with  sand  and 
^J»  or  by  a  certain  thickness  of  peat.  In  order  to  arrive  at  the 
*«n-groaiid,  these  matters  are  first  removed,  and  the  productive 
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gravel,  which  in  most  instances  lies  immediatelj  on  the  surface  of 
the  prunitive  rock,  is  then  collected  for  washing.  This  method  oi 
obtaining  tin  is  disting^hed  by  the  name  of  dreammg^  and  the 
undertaiong  itself  receives  the  name  of  a  Mreamr-work.  The 
amount  of  tin  ore  annually  obtained  by  these  means  is  small  when 
compared  with  the  quantity  extracted  by  mining  from  original 
veins ;  but  the  ore  thus  produced  is  infinitely  more  pure,  and  con- 
sequently affords  a  finer  metal  than  ordinary  mine  tin.  The 
principal  stream-works  of  Cornwall  are  situated  in  the  neighbour- 
hoods of  Bodmin  and  St.  Austell,  where,  in  connection  with  the 
mineral  deposits,  numerous  animal  and  vegetable  remains,  such  as 
deer-horns  and  hazel-nuts,  are  not  unfrequently  discovered. 

From  its  long  exposure  to  oxidising  influences,  the  ores  thus 
obtained  are  perfectly  free  firom  sulphur  and  arsenic,  and  for  this 
reason  are  exclusively  employed  in  the  preparation  of  the  finer 
varieties  of  grain  tin.  In  other  cases,  gold  in  the  virgin  state  is 
distributed  in  small  grains  in  these  sands,  and  this  is,  in  &ct, 
one  of  the  chief  sources  of  that  metal. 

>  The  sifting  and  washing  of  such  sands  furnishes  to  Russia 
nearly  aU  the  gold  produced  in  that  empire,  which  annually 
amounts  to  about  fifteen  thousand  pounds  weight.  Bussia  also 
obtains  by  the  same  means  an  annual  supply  of  nearly  five  thousand 
pounds  weight  of  platinum,  which  is  almost  entirely  extracted 
from  the  streams  flowing  from  the  Altai  mountains,  which 
separate  Siberia  from  Tartaiy. 
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MINING. 

Pbildonaby  Ofeiutions. — ^The  mineral  riches  of  a  country 
«re  frequently  discovered  by  attentively  observing  the  firagpnents 
bnnight  down  by  the  action  of  water  from  the  hiUs  into  its  valleys; 
and  on  tracing  these  to  their  several  sources,  the  veins  from 
which  they  were  originally  detached,  are  in  many  instances  found. 
Water  also  acts  in  another  way  a  veiy  important  part  in  the  dis- 
covery of  mineral  veins,  as  .by  closely  examining  the  faces  of  the 
difleient  gullies  and  ravines,  which  intersect  a  country,  a  ready 
means  is  afforded  of  ascertaining  whether  its  strata  are  traversed 
by  metalliferous  deposits;  and,  therefore,  in  exploring  with  a  view 
to  mineral  productions,  no  opportunity  should  be  lost  of  observing 
the  various  sections  thus  naturally  laid  bare. 

If  the  substance  of  a  minend  vein  be  harder  than  the  rock  in 
which  it  oceors,  the  latter  is  sometimes,  by  the  alternate  action 
ef  air  and  water,  gradually  removed,  whilst  tiie  lode  itself  remains 
as  a  sort  of  natural  hedge  across  the  country. 

A  remarkable  example  of  this  kind  occurs  at  Mouzias,  in 
Algma,  where  several  lodes,  principally  composed  of  spathose 
inm,  and  sulphate  of  baryta,  containing  a  small  portion  of  dissemi- 
Bated  grey  copper,  traverse  a  soft  marly  soil,  which  offers  but  Uttle 
Rsistance  to  the  action  of  water.  The  rains,  therefore,  which  are 
frequently  veiy  heavy  in  the  country,  have  gradually  washed  away 
the  softer  clay,  and  1^  the  outcrop  of  the  lodes  standing  at  a 
eondderable  height  above  its  sur&oe.  In  some  places  these  ridges 
are  from  fifteen  to  twenty  feet  in  height,  and  may  be  traced  for  a 
eoDsiderable  distance  across  the  country,  intersecting  in  theur  pro- 
(;reB8  all  the  different  formations  of  which  it  is  composed. 

When  none  of  the  above  meaos  of  observation  are  available,  it 
>  neoeasary  to  examine  the  nature  of  a  district  through  the 
Biediam  of  artificial  excavations.  This  is  done  W  what  is,  by  the 
Comish  miners,  called  ahoadxng  or  eotUamng.  When  the  general 
Erection  of  the  lodes  of  the  neighbourhood  has  been  ascertained 
fiina  &cts  elicited  during  the  working  of  other  mines  in  the  dis-> 
tnct,  a  aeries  of  pits  is  sunk,  as  nearly  at  right  angles  as  possible 
to  ^  assumed  run  of  the  mineral  veins.  These  shode  pits  are 
shmt  three  &et  in  ¥ridthy  six  in  length,  and  extend  in  depth 
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through  the  alluvial  deposits,  a  lew  fed,  into  the  Bubjacent  rock. 
In  order  to  avoid  tin'  chance  of  raisBing'  any  lode  which  may  occur 
in  the  BniKTficies  to  he  examined,  the  pits  are  sunk  at  regular  dis- 
tances, and  afterwards  ujiited  hy  galU'ries,  which  would  necessarily 
traverse  any  vem  which  mig-ht  escape  detection  by  the  shode  pite 
theniselven. 

It'tho  direction  of  the  Vxles  in  the  neighbourhood  is  not  known, 
or  if  it  be  uncertain  whether  the  coiuitry  be  traversed  by  mineral 
depositi^j  it  is  neee^v^sary  to  arrange  two  series  of  pits  at  right 
angles  Uy  each  other,  by  whirli  means,  if  any  occur,  they  cannot 
Ml  to  be  detected. 

When  a  lode  has  been  rlrseovenHl,  and  is  found  to  yield  a  metal, 
or  presents  appearances  from  which  it  may  be  inferred  likely  to 
prove  productive  at  a  greater  depth,  the  first  operation,  if  the 
conformation  of  the  locality  admits  of  it,  is  usually  to  drire  an 
adit  ievtL 

This  is  a  f^eiy  eut  ^  little  above  the  sur&oe  of  the  nearest 
valley,  in  bucIi  a  way  £ls  to  intersect  the  lode  at  a  certain  distance 
&om  the  surface^  and  dniw  the  w^ater  from  the  higher  portion  of 

the  vein  as  shown  in 
fig.  67,  where  the  lode 
a,  hy  is  trayersed  by  the 
adit  level  e,  d.  Should 
.  the  appearances  of  the 
vein  prove  favourable,  a 
pit  or  shaft, «,/,  is  sunk 
\  in  such  a  position,  that 
it  may  intersect  the  lode 
at  a  properdistance  from 
the  sur&ce,  and  serve  as 
a  means  not  only  of  ex- 
tracting itsminarals,  but 
aisoof  ascent  anddeseent 
e7.  to  the  miners  employed. 

For  this  purpo8e,a  wind-* 
la£i  or  iac^€  is  mounted  on  the  shaf^,  and  is  placed  on  a  strong 
stage  of  wood^  and  by  the  aid  of  this  and  a  long  rope,  two 
buckets  or  kMks  are  Tnu^le  to  alternately  asoend  and  descend  in 
the  pit. 

Should  the  lode^  after  proper  examination,  be  found  to  be  pro- 
ductive of  ore,  other  shafts  arc  suiik,  and  a  regular  series  of  IcTds 
driven.  In  the  first  place,  gaUeries  will  be  excavated  in  the  sub- 
stances of  the  vein  for  the  puri>f)se  of  extracting  its  contents : 
these  are,  in  the  Cornish  mines,  placed  at  distances  of  ten  fiithoma 
&om  each  other^  and  are  all  eonnectcd  with  a  shaft  through  which 
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tbe  excavated  rock  and  metallic  ores  are  transported  to  the  surface. 
Since  a  perpendictdar  shafb  can  only  traverse  the  lode,  which  is 
a  diagonal  plane  in  one  point,  it  hecomes  necessary  that  each  of 
these  levels  shonld  he  connected  with  it  hj  galleries  perpendicular 
to  the  plane  of  the  general  run  of  the  lode.  These  are  called 
cros9'€uU,  and  are  usually  furnished  with  railways  for  the  more 
ready  conveyance  of  the  contents  of  the  vein  to  tiie  pit,  by  which 
they  are  drawn  to  the  surface. 

When,  for  the  more  convenient  working  of  the  mine,  or  for  the 
porpose  of  ventilation,  a  pit  is  sunk  from  one  level  to  another, 
without  being  opened  to  the  surface,  it  is  by  the  miners  called  a 
iriftse,  and  is,  in  most  cases,  made  to  follow  the  underlie  or  dip  of 
the  lode  in  which  it  is  situated. 

The  water  which  percolates  into  the  mine  below  the  point  at 
which  the  adit  level  meets  the  shaft,  is  drawn  out  by  a  series  of 
pumps  worked  either  by  water  power  or  a  steam-engine.  For  a 
ihort  time  after  a  shafb  has  been  commenced,  and  before  it  has 
attained  any  considerable  depth,  the  rubbish  removed  is  conveyed 
to.  the  sui&oe  by  a  simple  windlass  moved  by  manual  labour. 
When  the  pit  has  reached  a  more  considerable  depth,  a  contriv- 
ance, called  a  vMm  or  gin,  moved  by  horses,  is  commonly  em- 
ployed, althongh  steam  power  is  daily  becoming  of  more  frequent 
application.  In  case  of  steam  being  used,  the  drum  of  the 
wmding  ^paratus  is  sometimes  placed  horizontally  instead  of 
rertically,  as  in  the  common  horse  whim,  and  flat  ropes  and  bob- 
hms  are  often  employed  in  the  place  of  the  round  ropes  and  cage 
used  in  the  former  case.  These  are  found  to  be  more  durable  and 
uniform  in  their  action. 

Hcflhodte  or  attariiiMg  tte  B^Mk. — The  tools  employed  by  the 
miner  necessarily  vary  according  to  the  nature  of  the  rocks  which 
he  has  to  traverse.  If  the  ground  be  moderately  soft,  nothing 
but  an  ordinary  pick  and  shovel  is  used ;  but  if  it  be  hard,  and  is 
either  stratified,  or  contains  numerous  fissures,  he  has  recourse  to 
rted  wedges  or  points,  called  gads,  by  driving  which  into  the 
crevices  of  the  rock,  he  is  enabled  to  spHt  off  larger  portions  than 
he  could  detach  by  the  use  of  the  pick  alone.  When  the  ground 
to  he  cut  through  does  not  admit  of  being  thus  broken,  the 
woildng  is  effected  by  the  assistance  of  gunpowder. 

Before  this  agent  can  be  employed  it  is  necessary  to  bore  a  hole 
in  the  rock  for  its  reception.  This  is  done  by  a  bar  of  iron  for- 
nshed  at  one  of  its  extremities  with  a  steel  point  armed  with 
cutting  edges.  To  use  this  instrument,  one  of  the  miners  holds 
the  sharpened  end  of  the  borer  to  the  rock,  whilst  another  hits 
the  other  extremity  a  heavy  blow  with  a  large  hammer  or  maila. 
As  the  hole  deepens,  the  person  who  hold»  the  tool  turns  it 
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between  each  blow  about  one-fourth  of  a  revolution,  and  by  this 
means  a  deep  hole  is  ultimatelj  obtained.  The  borer  ib,  during 
the  operation,  from  time  to  time  removed  from  the  hole  in  order 
to  take  away  the  broken  rock,  and  a  Httle  water  is  added  for  the 
double  purpose  of  cooUng  the  borer  and  facilitating  its  action. 
When  the  hole  has  attained  what  is  thought  to  be  a  sufficient 
depth,  and  which  necessarily  varies  with  the  nature  of  the  rock, 
it  is  carefully  cleaned  out  with  what  is  called  a  twdb  stick,  and  a 
proper  quantity  of  gunpowder  deposited  at  the  bottom.  For  the 
purpose  of  confining  this,  and  thereby  giving  greater  force  to  the 
explosion,  the  hole  is  now  filled  up  by  ramming  in  a  quantity  of 
sofb  schist  called  tamping^  a  small  hole  being  left  by  the  introduc- 
tion of  a  copper  needle,  which  is  afterwai^s  removed,  to  aSbrd 
means  of  exploding  the  charge  when  required.  The  ancient 
method  of  doing  this  was  by  a  reed  or  rush  filled  with  fine  powder, 
which  was  let  down  into  the  hole  and  served  as  a  channel  for  the 
spark  to  be  afterwards  communicated  by  a  slow  match,  during 
the  burning  of  which  the  miner  had  time  to  escape  out  of  reach 
of  the  fira^ents  of  rock  projected  by  the  explosion.  Becently, 
the  rush  has  become  superceded  by  the  use  of  "Bickford's  Patent 
Safety  Fuse,"  which  itself  not  only  acts  as  a  slow  match,  but  baa 
also  the  advantage  both  of  being  safer  and  more  readily  employed, 
as  with  it  the  copper  needle  is  no  longer  necessaiy,  the  fuse  being 
placed  in  the  hole  before  it  is  closed,  and  the  tipping  forced  in 
around  it. 

When  the  rock  in  which  the  hole  is  bored  is  damp  from  the 
infiltration  of  water,  the  powder  is  enclosed  in  a  waterproof  bag 
before  beiog  introduced  into  the  cavity. 

niMii^;  SxcATaitoM. — ^When  a  shaft  is  sunk,  or  a  gallery  exca- 
vated in  hard  rock,  there  will  be  but  Httle  difficulty  in  causing  it 
to  retain  its  original  form,  but  should  the  ground  be  soft,  and  con- 
sequently offer  but  Httle  resistance  to  pressure,  artificial  means 
must  be  employed  for  its  support.  This  is  most  firequently  effected 
by  pieces  of  wood,  although,  in  some  instances,  walls  of  brick  or 
stone  are  employed  for  that  purpose.  Similar  means  are  employed 
for  the  support  of  the  various  galleries  or  levels,  and  some  of  the 
different  methods  by  which  this  is  done  may  be  understood  frY>m 
the  foUowing  woodcuts.  Fig.  68  represents  the  Umbering  of  a 
gallery,  all  the  sides  of  which  are  supposed  to  require  support.  In 
l^g.  69,  the  floor  being  hard,  is  not  timbered,  whilst  the  other  three 
sides  are  retained  by  strong  woodwork.  Fig.  70  represents  the 
method  of  securing  a  gallery,  of  which  two  sides  only  require  sup- 
port; and  fig.  71  shows  the  way  in  which  a  level  with  an  insecure 
roof  is  sustained.  When  stone  is  employed  for  this  purpose  ia 
the  place  of  wood,  the  roof  is  commonly  arched,  but  should  the 
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floor  also  require  support,  an  elliptical  form  is,  in  most  instances, 
preferred. 


r^^,. 


•r  OvM. — The  ores  existing  in  a  vein  are,  to  a 
eertiin  extent,  extracted  in  cutting  the  longitudinal  galleries  or 
kfvds  excavated  in  its  plane,  but  as  these  are  placed  at  consider- 
able distances  from  each  other,  the  ore  thus  raised  forms  but  a 
rerj  inooiudderable  part  of  the  contents  of  the  lode.  In  order, 
tiM9«fore,  to  obtain  the  minerals  between  the  different  levels, 
^he  ore  is  worked  out,  and  the  space  afterwards  fiUed  in  with 
nibbish  arising  from  the  other  operations  of  the  mine,  fig.  72. 
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When  this  is  done  hy  descending  from  a  higher  level  to  a  lower, 
the  operation  is  called  sboprng^  but  if  the  excavation  commences 

at  a  lower  level,  and  is  to  termi- 
nate at  a  higher,  the  opening  is 
called  a  rise. 


r,:-ivr;' 


The  following  woodcut  of  Hud 
Crofty  Copper  Mine  in  Comwail, 
fig.  73,  will  serve  to  give  a  general 
idea  of  mining  operations.  Tne  per- 
pendicular excavations  show  the 
different  shafts  and  winzes;  and  the 
portions  shadedblackrepresentthose 
parts  of  the  lode  which  have  berai 
removed  by  stoping.  In  this  mine, 
as  in  the  genendity  of  thos^  worked 
in  Comwail,  the  levels  are  excavated 
at  distances  of  ten  fathoms  from  each  other,  since  by  this  arrange- 
ment the  ventilation  of  the  workings  is  not  only  well  maintained, 
but  every  facility  at  the  same  time  afforded  for  the  removal  of  the 
ore,  and  its  subsequent  transmission  through  the  perpendicular 
shafts  to  the  dressmg-floors. 
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—  reaching  the  surface,  the  ores 
are  broken  by  large  hammers,  and  divided  into  classes  according  to 
their  relative  richness  in  metal,  whilst  the  unproductive  portions 
are  picked  out  and  rejected.  Few  ores  contain  so  large  an  amount 
of  metal  as  to  render  their  concentration  by  meclmnical  means 
unnecessary. 
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Cfiiitwg. — In  order  to  reduce  the  fragments  of  mineral 
ores,  and  particularly  those  of  copper,  to  a  proper  size,  for  their 
subsequent  mechanical  concentration,  large  cylinders  of  cast  iron, 
moving  in  contrary  directions,  are  frequently  employed.  This 
arrangement  is  represented  in  fig  74,  in  which  A,  B,  are  the  crush- 
ing rollers  set  in  motion  hy  steam  or  water  power :   a,  &,  d,  c, 


represent  a  strong  framing  of  cast  iron  firmly  secured 
to  a  wooden  firamework  by  screw  bolts.  The  bear- 
ings k,  l,  of  the  rollers  a,  b,  are  so  arranged  as  to  slide 
in  grooves,  and  consequently  admit  of  the  cylinders 
bemg  either  advanced  closer  together,  or  separated  at  a  greater  dis* 
tance.  To  prevent  accidents  from  the  passage  of  large  pieces  of  stone 
too  hard  to  be  broken,  a  certain  elasticity  is  given  to  the  apparatus 
by  means  of  the  lever,  s,  which  by  a  shding  bar,  and  the  shoulder 
e,  constantly  tends  to  keep  the  surfaces  of  the  two  grinding 
cylinders  in  contact,  since  its  other  extremity  is  loaded  vdth  a 
heavy  weight,  w.  The  ore  to  be  crushed  is  allowed  to  fell  gradually 
between  the  two  rollers,  through  a  hopper,  and  the  weight,  w,  so 
adjusted  as  to  suit  the  hardness  of  the  mineral  to  be  broken.  On 
parsing  through  the  rollers,  the  crushed  ores  fall  into  the  higher 
extremity  of  an  inclined  cylinder  of  coarse  wire  gauze.  This 
beine  set  in  motion  by  the  same  power  as  the  rollers  themselves, 
divides  the  pulverised  mineral  into  two  classes,  the  one  passing 
through  the  meshes  of  the  trellis,  and  felling  on  the  floor,  whilst 
the  other,  which  is  too  large  to  pass  through  the  apertures,  is  car- 
ried out  at  the  lower  end  of  the  cylinder,  where  it  fells  into  the 
buckets  of  an  endless  chain,  by  which  it  is  again  brought  to  the 
level  of  the  null  to  be  re-crushed. 

■mqpiiis- — Many  minerals,  and  especially  the  ores  of  tin, 
instead  of  being  crushed  by  rollers  as  above  described,  are  pounded 
into  small  fra^ents  by  large  pestles,  moved  either  by  water  or 
•team  power.  The  arrangement  by  which  this  is  efifected  is  called 
a  stamping-mill,  and  is  represented  in  fig.  75,  where  a  steam- 
-engine gives  motion  to  an  axle,  not  seen  in  the  drawing,  which  is 
Fovided  with  a  series  of  cams  arranged  in  spirals  around  its  cir- 
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cumference.  Yertical  wooden  beams  are  so  attached  to  large 
masses  of  cast  iron,  that  when  raised  by  cams  fitted  in  the  aade 
and  corresponding  tongues  on  the  lifters,  they  Ml  on  the  minenl 
placed  beneath  them,  and  thus  by  repeated  blows  reduce  it  to  a 
fine  powder.     The  cams  are  so  arranged  on  the  spiral,  that  each 


lifter  shall  i^ve  tlirt?e  blows  UunTi^  a  reTolution,  and  as  soon  as 
the  first  lifter  ha.s  boon  relea.sed  from  the  cam,  and  begins  to  fall^ 
the  second  cam  in  the  scriea  comes  in  contitct  with  the  tongue  of 
the  next  lifter^  and  so  on  until  each  has  in  succession  struck  a 
blow,  when  the  firat  liituT  is  again  caught  by  the  first  cam  belong- 
ing to  the  second  system  on  the  axle,  when  another  aeries  of  blows 
is  dealt  by  the  moveable  pestles.  The  low^er  portion  of  tins  sr- 
rangement,  where  the  iron  heads  come  in  contact  with  the  minefrml 
to  be  broken,  is  enclosed  in  a  large  wooden  trough  shown  in  the 
wood-cut,  in  which  are  openings,  and  into  these  are  fitted  grati^ff 
made  by  pimching  small  holes  in  sheets  of  very  thin  iron,  Mj 
means  of  a  spout,  a  stnaU  stre^im  of  water  is  allowed  to  flow  con- 
stantly into  the  trouj^^b,  and  therefore,  whenever  fragments  are 
rediiced  sufiicicutly  to  enable  them  to  pass  through  the  aperture* 
of  the  gratings^  they  are  carried  ofi^  by  the  water  into  the  pit, 
in  the  fort'ground,  prepared  for  tlieir  reception,  and  where  thej 
are  deposited  by  subsidence  in  a  more  or  less  finely  divided  etateL 
The  size  of  the  stamp  heads,  or  pestleg,  varies  in  accordance  with 
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the  lutaTe  of  the  mineral  to  be  broken,  but  their  general  weight  is 
from  300  to  400  ponnds.  In  order  to  attach  the  heads  to  the 
fifteis,  they  are  provided  with  wrought  iron  shanks,  which,  after 
bdng  let  into  the  end  of  the  lifters,  are  kept  in  their  places  by 
shrilling  on  two  strong  iron  bands  over  the  wood.  In  some  of  the 
more  modem  stamping-mills,  both  the  axles  and  lifters  are  of  iron, 
and  in  this  case,  the  upper  ends  of  the  lifters  are  kept  in  their 
places  by  iron  collars,  whUst  the  lower  are  fixed  by  keys  into  a 
mortice  hole  cast  in  the  head. 

WaaUac  ami  €3MiceHtnrtiini  •f  4HnM— Before  descril^ing  the 
various  processes  by  which  this  is  effected,  it  will  be  necessary  to 
imderstand  the  principles  upon  which  all  these  operations  are  based. 
If  we  let  fall  from  a  considerable  height  into  a  Uquid  in  a  state 
of  repose,  bodies  of  various  sizes,  forms,  and  densities,  it  is  evident 
tiiat  the  amotmts  of  resistance  which  they  will  experience  in  their 
M  will  be  very  unequal,  and  that  they  will  consequently  not 
anrive  at  the  bottom  of  the  Hquid  at  the  same  time.  This 
necessarily  produces  a  sort  of  dassiiication  of  the  fragments, 
wkich  becomes  very  evident  on  examining  the  order  in  which 
thejr  are  deposited. 

In  the  first  instance,  let  us  suppose  that  the  substances  have 
tiie  same  form  and  dimensions,  and  that  they  differ  from  each 
other  in  their  densities  only, — ^since  the  resistance  which  a  body 
will  experience  in  moving  through  a  Hquid  medium  depends  entirely 
on  its  form,  and  the  extent  of  its  surfaces,  and  is  in  no  way  affected 
by  its  specific  gravity :  it  follows  that  all  substances  will  lose  under 
limilar  circumstances,  an  equal  amount  of  their  moving  force. 

This  loss  is,  however,  most  sensible  in  those  substances  which 
possess  this  power  of  movement  in  a  less  d^ree;  or  in  other 
words  it  will  be  proportionally  greater  in  light  bodies  than  in  those 
having  a  more  considerable  density.  The  former,  for  this 
reason,  fiJl  through  the  liquid  with  less  rapidity  than  the  denser 
Pigments,  and  must  consequently  arrive  last  at  the  bottom; 
so  that  the  d^>oait  will  be  composed  of  different  strata,  arranged 
in  direct  relation  to  their  various  densities,  the  heaviest  being  at 
the  bottom,  and  the  lightest  at  the  top  of  the  series. 

If  we  suppose,  on  the  contrary,  that  all  the  bodies  which  fall 
ftroogh  the  liquid  possess  similar  forms  and  equal  specific  gravities, 
&id  that  they  only  differ  from  each  other  in  point  of  volume,  it  is 
evident  that  the  rapidity  of  motion  will  be  in  proportion  to  their 
as,  and  the  laxger  fragments  will  be  deposited  at  the  bottom  of 
tiievesaeL 

As  we  have  supposed  them,  on  starting,  to  have  both  the  same 
fivm  and  density,  it  follows  that  the  resistance  they  experience 
fcing  their  descent  through  the  water,  will  be  in  proportion  to 
the  surfiice  exposed;  and  as  the  volumes  of  bodies  vary  according 


112  ifnriKa. 

to  the  cube  of  their  corresponding  dimensiojDS,  whilst  the  STufaoes 
only  vary  in  accordance  with  the  square  of  the  same  measurem^itB, 
it  follows  that  the  force  of  movement  animating  them  is  regulated 
by  their  cubes,  cP,  whilst  their  resistance  is  in  proportion  to  their 
squares,  dP,  showing  that  the  size  of  a  body  augments  its  descend- 
ing force  with  much  greater  rapidity  than  the  resistance  offered 
by  its  sur&ces. 

If,  lastly,  we  imagme  that  all  the  fragments  have  the  same 
volume  and  density,  but  are  of  various  forms,  it  follows  that  those 
which  possess  the  largest  amount  of  surfieuse  will  arrive  at  the 
bottom  last,  and  consequently,  the  upper  part  of  the  deposit  will 
consist  of  the  thinnest  fragments. 

It  is  evidently,  then,  of  the  greatest  importance  that  the  grains 
of  ore  which  are  to  be  concentrated  by  washing  should  be  as 
nearly  as  possible  of  the  same  size,  as  otherwise,  the  smaller  sur> 
&ce  of  one  fr-agment  in  proportion  to  its  weight,  will  in  a  measure 
compensate  for  the  greater  density  of  another  grain,  and  thus 
cause  it  to  assume  a  position  in  the  series  to  which  by  its  consti- 
tution it  is  not  entitled. 

This  difficulty  is  constantly  found  to  occur  in  practice,  and  in 
order  to  obviate  it  as  much  as  possible,  care  is  taken  to  separate 
by  the  use  of  sieves,  into  distinct  parcels,  the  fragments  which  have 
nearly  the  same  size.  Although,  however,  the  grains  of  ore  may 
in  this  way  be  to  a  certain  extent  classified  according  to  their 
respective  dimensions,  it  is  impossible  by  any  mechanical  oon* 
trivance  to  regulate  their  forms,  which  must  in  a  great  degree 
depend  on  the  natural  cleavages  of  the  substances  operated  on, 
and  therefore  this  circumstance  must  always  in  some  degree 
affect  the  results  obtained. 

Each  of  the  broken  fragments  of  ore  must  necessarily  belongs  to 
one  of  the  three  following  classes: — ^The  first  class  consists  of  those 
which  are  composed  of  the  mineral  sought,  without  any  admixture 
of  earthy  matter.  The  second  will  comprehend  all  the  fragments 
which  are  made  up  of  a  mixture  of  mineral  ore  and  earthy  matters  ; 
whilst  the  third  division  may  be  entirely  composed  of  earthy 
gangue  without  any  admixture  of  the  metallic  ore.  By  a  successful 
washing,  these  three  classes  should  be  entirely  separated  frt>m  each 
other.  The  first  wiU  form  the  lower  stratum,  and  the  mixed 
fragments  follow  next  in  succession,  whilst  the  improductive 
portion  is  deposited  on  the  two  other  layers. 

atoTe-wMUng  or  JTiggiagi — The  firagments  of  ore  which  have 
passed  through  the  crushing  rollers,  before  described,  are  concen- 
trated by  being  jigged  or  washed  in  sieves  so  as  to  allow  each  of 
the  reduced  particles  to  arrange  itself  in  accordance  with  its 
individual  specific  gravity. 

Mmmd  atoT«k^«-The  most  ancient  and  simple  method  of  effeddug 


HAITI)  SISTES. 


113 


this  18  bj  the  liaud  sieve.  This  consists  of  a  sieve  made  of  per- 
forated sheet  copper,  which,  afber  being  partially  filled  bj  the  work- 
man with  the  mineral  to  be  washed,  is  placed  in  a  large  tub  of 
water,  where  he  gives  to  it  a  sort  of  midulatorj  motion,  which 
causes  the  richer  portions  to  accumulate  at  the  bottom,  and  the 
earthy  grains  to  rise  on  the  sur&oe.  After  a  time  he  withdraws 
the  sieve  from  the  water,  and  whilst  it  is  resting  on  the  edge  of  the 
tab,  scrapes  off  with  a  piece  of  thin  iron,  the  particles  thrown  on 
the  top.  This  is  followed  by  a  second  washing  and  scraping, 
and  when  the  whole  of  the  absolutely  worthless  matter  is  removed, 
those  portions  which  are  scraped  from  the  surface  are,  instead  of 
being  thrown  away,  collected  in  a  heap  for  subsequent  treatment, 
whilst  that  which  is  at  the  bottom  is  considered  sufficiently  pure 
for  metallurgical  treatment. 

On  the  Continent,  these  sieves  have  been  almost  entirely  super- 
ceded by  the  simple  contrivance  shown  in  fig.  76,  in  which  c 
represents  the  table  on  which  the  mineral  to  be  washed  is  placed. 
1  is  a  large  tub  of 
water  m  which   the 
sieve  s  is  suspended 
hy  tile  iron  rod  D,  set 
in  motion  by  means  of 
the  arrangement  i,  f, 
6,  suspended  at  H,  and 
having  at  the  extre- 
mitv  o,  a  box  for  the  re- 
ception of  small  stones 
to  he  lised  for  the  pur- 
pose of  counterpoising  j^ 
the   weight    of    the  (^ 
fieve  and  several  fit- 
^ngs.  By  moving  the  ,-- 
rod  I  stiding  in  B,  the  [  ^' 
worionan  gives  the  re- 
<rnred  motion  to  the 
ne^e,andwhen  itscon- 
^fJts  have  been  suffi- 
oently  washed,  he  re- 
Bwvcs  them  by  the 
*>nae  means  as  when 
the  hand  sieve  is  em- 
pJoyei 

A  nearly  similar  method  was  formerly  employed  in  the  Cornish 
"nnesfor  washing  and  classifying  the  crushed  ores  of  copper,  but 
***otly  a  much  more  effective  apparatus  has  come  into  general 
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use.  This  consists  of  a  large  box  covered  with  a  tight  wooden 
floor,  in  the  centre  of  which  is  a  circular  metallic  trough  perfo- 
rated with  six  holes,  each  about  two  feet  in  diameter,  and  into  aU 
these  openings  a  sieye  is  closely  fitted.  A  large  piston  working  in 
a  cylinder  placed  in  the  centre  of  this  arrangement,  and  which  is 
moved  by  an  eccentric  driven  either  by  wat^  or  steam  power,  is 
made  to  alternately  raise  and  depress  the  level  of  the  water  in  the 
box  and  consequently  also  in  the  sieves,  which  are  fixed  water- 
tight into  the  rincs  on  the  top  of  it.  By  this  motion  of  the  water, 
the  particles  of  nuneral  contained  in  the  sieves  are  made  to  arrange 
themselves  according  to  their  several  densities,  and  when  it  becomes 
necessary  to  remove  a  sieve  from  its  place,  for  the  purpose  of 
scraping  off  the  less  valuable  and  hghter  poridon  of  its  contents, 
its  place  is  suppHed  by  another,  which  is  kept  ready  filled  to  occupy 
the  same  ring  when  required. 

Of  the  portions  which  are  scraped  off  from  the  surfaoe  of  tiie 
sieve,  the  lightest  contains  little  or  no  metaUic  ore,  and  is  thrown 
away ;  but  the  second,  consisting  of  a  mixture  of  gangue  and 
metalliferous  substances,  tc^ther  with  thefinely  divided  dust  which 
passes  through  the  holes  of  the  sieves,  is  sent  to  the  stamping  mill, 
where  it  is  induced  to  the  state  of  a  much  finer  powder,  by  which 
treatment  greater  fiatcilities  are  offered  for  its  separation  from 
earthy  impurities.  When  the  ores  are  not  stamped  dry,  the  water 
and  work  (fine  sand)  escaping  through  the  gratii^  of  the  machine 
are  conducted  into  a  sort  of  reservoir  where  the  heavier  particles 
are  first  deposited,  and  the  poor  and  consequently  lighter  parts 
are  removed  to  a  greater  distance.  By  this  process  a  obtain 
classification  of  the  work  is  effected,  as  those  portions  which  have 
been  carried  by  the  force  of  the  water  beyond  a  given  point  are 
collected  in  a  separate  basin  from  those  which  have  not  arrived  so 
£Btr  firom  the  stamping  mill. 

The  methods  of  washing  and  preparing  metalliferous  sands 
varies  according  to  the  nature  of  the  minerals  treated,  and  also 
depend  in  some  measure  on  the  localities  in  which  they  are  raised, 
as  the  same  ores  are  frequently  managed  very  differently,  and  yet 
each  method  may  afford  equally  good  results.  It  is,  however, 
necessary  to  observe,  that  many  minerals,  and  particularly  the 
ores  of  tin,  are  found  so  disseminated  in  the  veins  in  which  they 
occur,  that  it  is  necessary  to  reduce  them  at  once  under  the  stamp- 
ing mill,  since,  if  the  crushing  rollers  were  resorted  to  as  in  the 
case  of  the  copper  ores,  it  would  be  impossible  to  free  them 
sufficiently,  by  that  means,  firom  the  siliceous  and  other  impurities 
with  whiek  they  are  contaminated. 

The  form  of  apparatus  employed  for  washing  the  reduced  ores 
from  the  stamping  mill  depends  in  a  great  measure  on  the  nature 
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of  the  mineral  treated,  and  also  varies  according  to  the  locality  in 
which  the  mine  happens  to  be  situated.  On  the  Continent,  the 
omceQtralion  is  chiefly  effected  in  three  different  kinds  of  appa- 
ntu8,-^e  Glerman  chest,  "caisse  k  tombeau:"  the  sleeping 
tahle,  '^  table  dormante,"  and  the  percussion  table,  or  '*  table  k 


_  t  consists  of  a  long  box  placed  in  a  slightly 

inclined  position,  and  having  in  its  lower  ena  a  series  of  holes, 
dosed  by  wooden  p^.  At  its  higher  extremity  is  placed  a  sort 
of  raised  platform,  on  which  the  substance  to  be  washed  is  depo- 
sited, and  on  this  a  small  stream  of  water  is  allowed  to  pky. 
By  this  arrangement  the  finer  portions  of  the  mineral  are 
earned  off  in  suspension  in  the  water,  and  are  deposited  at  dis- 
tances from  the  h^  of  the  pit  which  vary  in  aocordimce  with  their 
several  specific  gravities.  When  the  body  of  the  chest  has  become 
foD  of  water,  the  stream  on  the  platform  at  its  head  is  turned  off, 
and  one  of  the  p^s  in  the  lower  extremity  being  withdrawn,  the 
water,  and  lighter  particles  which  it  holds  in  suspension,  are  drawn 
off  into  reservoirs,  where  the  solid  matter  is  sdlowed  to  subside. 
As  tiie  chest  gradually  becomes  filled  with  the  deposited  sand,  a 
higher  peg  is  removed,  and  finally,  when  the  pit  is  entirely  fiUed 
with  the  ore,  the  uppermost  peg  is  alone  withdrawn.  The  matters 
deposited  in  this  way  are  divided  into  three  classes.  The  first 
and  heaviest  is  situated  nearest  to  the  head  of  the  pit,  and  oonsiBts 
of  the  mineral  so  hr  concentrated  as  to  be  firequently  fit  for 
smelting  without  fiirther  preparation.  The  second  and  third 
portions,  which  are  much  less  rich,  are  reserved  for  further  treat- 
ment, either  by  the  percussion  table,  the  sleeping  table,  or  by  a 
seeond  washing  in  the  German  chest. 

Wurptwg  TiiUm,  which  are  also  called  twin  tables  from  being 
commonly  associated  in  pairs,  consist  of  two  inclined  planes,  a,  b, 
fig.  77,  varying  firom  twenty  to  twenty-five  feet  in  length,  and 
provided  with  raised  sides  for  the  purpose  of  retaining  the  water 
which  runs  over  their  surface. 

At  the  tcpper  end,  a,  of  th^e  tables,  is  placed  a  triangular  plane, 
which  baa  a  much  greater  inclination  than  the  surmoes  of  the 
tMes  themselves.  At  the  apex  is  an  opening  by  which  the  water 
which  holds  the  mineral  to  be  washed  m  suspension,  falls  on  the 
ioelined  plane :  and  below  this,  at  the  head-board  of  the  table, 
lie  placed  numerous  triangular  pieces  of  wood  so  disposed  as  to 
eaaie  a  tmiform  flow  of  water  over  all  its  surface.  The  mineral  to 
be  washed  is  placed  in  a  small  trough,  c,  into  which  a  stream  of 
vater  is  constantly  made  to  flow.  Here  the  pounded  ore  is  con- 
tianally  agitated  by  the  arms  of  a  stirrer,  set  m  motion  by  a  small 
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water-wheel,  D,  worked  by  a  stream  of  water  flowing  through  the 
channel  e  e'. 

By  this  apparatus,  the  mineral  is  stirred  up  with  the  water,  and 
entering  on  the  head  of  the  table  tiirough  the  aperture  at  a,  flows 


1 


to  a  greater  or  less  distance  down  the  inclined  plane.     As  the 
wooden  head  of  this  arrangement  is  very  much  inclined,  no  deposit 
can  take  place  upon  it,  and  consequently  the  whole  of  the  pounded 
ore  goes  on  to  the  table  itself,  where  the  richer  portions  remain 
nearest  the  triangular  platform ;  whilst  the  poorer  are  either  de- 
posited farther  down,  or  are  carried  by  the  force  of  the  stream  into 
the  canal,  f,  f',  by  which  they  are  conducted  into  other  basins 
where  they  are  aUowed  to  settle.     When  the  table  has  become 
covered  with  a  certain  quantity  of  matter,  the  workman  prevents 
the  arrival  of  any  fresh  ore  at  the  top  of  the  platform,  and  begins 
to  sweep  by  means  of  a  small  broom  the  mineral  from  the  lower 
end  of  the  inclined  plane  towards  the  higher.     This  operation  is 
commenced  at  the  point  g ;  and,  as  a  stream  of  pure  water  is  now 
allowed  to  flow  over  the  table,  a  still  frirther  pimfication  is  thus 
effected,  since  the  poorer  particles  which  may  have  become  acci- 
dentally entangled  with  the  heavier  portions  are  thus  eliminatecL 
When  the  mineral  is  considered  sufficiently  pure,  a  valve  is 
opened  at  the  point  g ;   and  the  contents  of  the  table  are  swept 
through  the  opening  into  hutches  placed  beneath  for  their  recep- 
tion.    The  vsdve  is  then  closed,  and  the  operation  repeated  on 
another  portion  of  ore,  which,  like  the  former,  is  finally  conducted 
into  boxes  placed  for  that  purpose  beneath  the  tables,  and  from 
whence  it  may  in  most  instances  be  conveyed  directly  to  the 
smelting  house.     The  inclination  given  to  tables  of  this  kind  ia 
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regulated  by  the  nature  of  the  work  to  be  treated.  If  this  be 
extremely  fine,  the  inclination  is  small,  but  if  it  be  in  the  form  of 
a  ooane  powder,  the  planes  on  which  it  is  washed  are  made  to 
take  a  more  decided  dip. 

tim  FcrcMHiMi  Tmbie,  fig.  78,  consists  of  a  wooden  flooring,  a,  b, 
nailed  on  strong  wooden  sleepers  for  the  purpose  of  imparting  to 


it  a  considerable  degree  of  weight  and  solidity.  This  is  suspended 
by&or  chains  or  aHdculated  iron  rods,  ab,cfb^,cd,(f€t:  of  these 
the  two  former,  a  b,  a'  I/,  are  fixed  to  an  immoveable  wooden  frame- 
work, whilst  the  two  latter  are  attached  to  a  long  forked  lever,  o,  o, 
muring  on  the  centres  « ,  /,  and  capable  of  being  raised  or  depressed 
bj  a  pin  placed  ia  the  holes  of  the  upright/,  f.  This  arrange- 
iBent  affords  the  means  of  varying  the  inclination  of  the  table,  a,  b, 
»d  consequently  of  adapting  it  for  washing  ores  of  difierent 
degrees  of  fineness. 

The  axle  d  i/  set  in  motion  by  a  water-wheel,  is  provided  with 
«Btt:  g  ^  rf'  acting  on  the  wooden  lever  B,  connected  with  the 
swinging-table  a  b,  which  it  first  pushes  back,  and  then  allows  to 
U  with  considerable  force  against  two  wooden  stops  arranged  for 
titttporpow. 

At  tfaie  head  of  the  suspended  platform  a  b,  is  placed  a  tri- 
^Bgokr  shelf,  F,  similar  to  that  employed  in  the  sloping  table  just 
^ocribed,  and  like  them  provided  with  triangular  pieces  of  wood 
fc'  spreading  the  water  uniformly  over  its  surface. 

The  mineral  to  be  washed  is  placed  in  the  trough,  g,  where  it 
womea  mixed  with  water  arriving  through  the  spout  n  n'.    It 
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then  passes  on  to  the  platform,  f,  at  the  head  of  the  table,  and 
afterwards  to  the  suspended  plane  itself^  where  it  will  have  a 
tendency  to  arrange  itself  according  to  its  specific  gravity,  and 
settle  as  a  thin  deposit  over  the  surface.  The  constant  shocks  to 
which  this  arrangement  is  exposed  has,  however,  the  effect  of 
again  suspending;  the  particles  in  water,  so  that  each  atom  of 
which  the  deposit  consists  has  repeated  opportunities  of  placing 
itself  in  the  position  corresponding  to  its  size  and  density,  and 
consequently  of  being  separated  from  the  lighter  earthy  impuri- 
ties. These  tables  are  employed  for  washing  the  same  kinds  of 
minerals  as  the  sleeping  tables,  the  one  or  the  other  being  preftrarred 
according  to  the  nature  of  the  gangue  from  which  the  ore  has  to 
be  separated.  The  inclination  given  to  the  table  will  depend  on 
the  degree  of  fineness  to  which  the  ore  has  been  reduced,  as  will 
also  the  firequency  and  force  of  the  blows,  and  the  quantity  of 
water  to  be  employed. 

In  the  mines  of  Cornwall  neither  of  these  contrivances  are  em- 
ployed, and  the  concentration  of  the  bruised  ore  is  chiefly  effected 
by  the  use  of  buddies  and  racks. 


The  If  ickiHt-BaMle,  fig.  79,  consists  of  a  long  cistern  with  an 
inclined  floor,  very  similar  in  appearance  to  a  German  chestj 
although  the  methods  of  working  the  two  are  extremely  different^ 

At  the  head,  a,  of  the  huddle  is  a  rectangular  head-board,  simila: 
to  those  of  the  arrangements  last  descril^,  except  that  it  is  no^ 
provided  with  water-guides,  as  are  the  platforms  of  the  sleeping 
and  percussion  tables  of  the  Continent.  At  a,  a  current  of  water 
regulated  by  a  wooden  plug,  is  brought  on  the  inclined  uppe 
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thSi,  and  on  this  the  mineral  to  be  washed  is  placed.  This  is 
done  bj  a  boy  who  takes  care  to  reduce  all  the  hunps  it  may 
contain  before  placing  it  in  the  water,  whilst  another  boy,  who  is 
generally  older  than  the  first,  and  consequently  has  mor«  experi- 
ence of  the  work,  stands  in  the  pit  itself,  and  with  a  sharp-pointed 
flhovd  alternately  smooths  and  notches  the  charge  on  the  head- 
board. The  notches  made  on  the  ore  are  rapidly  effected  by  the  ^ 
shoFel  in  the  direction  of  the  current  of  water,  and  at  the  next 
instant  all  obliterated,  to  give  place  to  a  quick  succession  of  others, 
which  are  made  in  their  turn  to  disappear.     The  ore  is  thus 

riily  washed  finom  the  head,  a,  into  the  huddle  itself,  b  c,  when 
boy,  instead  of  immediately  adding  a  fresh  supply  on  the 
triangular  head,  commences  to  brush  the  layer  which  has  formed 
in  the  direction  of  c  to  b,  which  smooths  iis  surface,  and  not  only 
prevents  its  being  spread  unevenly  by  the  water  flowing  over  it, 
bat  also,  by  disturbing  the  particles  of  which  it  is  composed, 
caoses  them  to  arrange  themselves  more  perfectly  in  accordance 
with  their  different  densities.  The  effect  thus  produced  by 
sweeping  with  a  broom  is  somewhat  similar  to  that  obtained  by 
the  reputed  shocks  of  the  percussion  table,  and  the  lighter  por- 
tions, which  are  held  in  suspension  in  water,  are  carried  off 
through  the  holes,  c,  into  pits  prepared  for  their  reception. 
When  the  deposit  of  the  heavier  particles  has  reached  the  level 
of  the  lowest  hole,  and  they  consequently  begin  to  escape;  the 
^lertuie  is  stopped  with  a  plug,  and  the  water  and  suspended 
gangue  allowed  to  flow  out  of  that  which  is  next  above  it  in  the 
fleries.  As  soon  as  the  level  of  the  deposit  has  reached  this  point, 
it  k  in  its  turn  plugged,  and  so  on,  until  the  pit,  b  c,  is  entirely 
fiDed.  When  this  is  the  case,  the  sand  is  consolidated  by  making 
a  aeries  of  long  cuts  with  the  shovel  in  the  direction  of  its  length, 
lad,  when  sufficiently  drained,  the  contents  are  divided  into  three 
chsseB,  as  shown  by  the  lihes  ef,gh.  Of  these,  that  which  is 
nearest  to  the  head  of  the  pit  is  necessarily  the  richest  in  ore,  and 
»  frequently  sufficiently  pure  for  the  purposes  of  the  smelter.  The 
second  division  is  usually  laid  aside  to  be  again  huddled,  whilst 
^  Idiird  portion,  which  consists  of  the  finer  and  poorer  particles, 
a  treated  on  the  rack-firame,  now  to  be  described. 

Vte  Back,  fig.  80,  consists  of  a  anooth  wooden  flooring,  r, 
nsiled  on  the  under  side  of  a  strong  framing,  g  g,  suspended  in 
a  slightly  inclined  position  by  the  pivots,  fp',  and  having  a  head- 
board similar  to  that  of  the  huddle.  In  order  to  admit  of 
tonnng  the  table  on  its  axes,  it  is  not  attached  to  the  head,  H, 
bat  tl^  water  is  carried  fix)m  the  higher  ta  the  lower  level,  by  a 
flap,  V,  hung  on  leather  hinces,  and  which  admits  of  being  easily 
nuaed,  when  the  rack  itself  is  made  to  move  on  its  pivots. 
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To  use  this  table  the  ore  to  be  wwhed  is  pl«»d  on  h,  and* 
stream  of  water  admitted  through  an  aperture,  partially  stopped 


X?^^"-  vxs 


by  a  wooden  plug.  The  pounded  mineral  is  then  altematdy 
furrowed  and  flattened,  as  in  the  case  of  the  huddle ;  but  instead 
of  this  being  done  by  a  shovel,  a  wooden  hoe  is  used  for  that 
purpose.  After  two  or  three  successiye  charges  have  in  this  way 
been  transferred  fix)m  the  upper  ledge  to  the  lower  table,  r,  whidk 
has  a  slight  inclination,  the  deposit  is  moved  by  the  wooden  rake 
towards  the  most  elevated  part  of  the  floor,  a  sheet  of  dean  water 
being  at  the  same  time  conducted  over  its  surface.  Bj  this 
trea^ent,  and  successive  washings  with  a  small  heath-broom,  the 
particles  of  ore  are  ultimately  separated  from  the  lighter  earthy 
impurities,  which  are  carried  by  the  water  to  the  bottom  of  tli^ 
rack,  where  they  escape  through  the  opening  into  reservoirs  pre- 
pared for  their  reception. 

When  a  sufficient  layer  of  mineral  has  by  this  manipulation 
been  collected  <m  the  table,  it  is  made  to  take  a  quarter  rev<du- 
tion  on  its  axes,  and,  when  in  a  vertical  position,  is  caught  by  a 
wooden  spring,  which  holds  it  firmly  in  ^at  situation. 

The  person  working  the  frame  now  washes  off  the  ore  by  the 
use  of  a  wooden  bowl  with  a  long  handle,  whidi  causes  it  to  fidl 
flrst  into  the  angle  formed  by  the  meeting  of  the  side,  g,  and  the 
floor,  F,  and  ultimately  into  boxes  placed  beneath  for  its  reception. 
In  this,  as  in  the  preceding  examples,  the  richer  ore  will  be  found 
to  accumulate  at  the  upper  end  of  the  inclined  plane,  and  therefore 
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the  washed  ore  is  diyided  into  two  parts,  each  of  which  falls  into 
a  different  receptacle. 

This  division  is  made  hj  a  fillet,  placed  on  the  side  of  the  rack 
at  about  equal  distances  from  its  two  extremities,  and  which, 
when  the  plane  is  brought  in  a  proper  position  for  washing  off 
the  deposited  metalliferons  grains,  forms  a  dam,  and  causes  that 
which  is  deposited  on  the  upper  part  of  the  floor  to  fall  into  one 
box,  or  cover,  whilst  that  which  is  deposited  on  the  lower  falls 
into  another. 

Manj  other  methods  are  employed  in  various  parts  of  the 
world  for  washing  different  kinds  of  ores,  but  in  all  cases  the 
purification  depends  on  similar  principles,  and  the  processes  are 
only  varied  to  suit  some  peculiarity  of  the  minerals  operated  on. 
The  mechanical  preparation  of  mineral  substances  is,  however,  a 
reiy  tedious  and  delicate  operation,  and  one  that  requires  con- 
oderable  skill  and  experience,  as  a  process  which  may  perfectly 
succeed  with  an  ore  and  in  one  locality,  will  not  be  found  to  yield 
Bstisfactoiy  results  in  another  situation,  as  the  nature  of  the 
gai^:Qe  with  which  it  is  associated,  and  its  slate  of  aggregation, 
mill  be  found  to  materially  influence  the  residts  obtained. 
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With  but  few  exceptions  the  operations  employed  for  the  extrao- 
tion  of  the  metals  from  their  ores  require  the  aid  of  very  elevated 
temperatures,  and  consequently  it  is  unportant  that  the  metallur- 
gist should  be  fully  acquainted  with  the  different  properties  of  the 
various  kinds  of  ^els,  and  be  thereby  enabled  to  judge  under  what 
circumstances  they  may  each  be  most  economically  employed. 

^^•9dM — ^The  roots,  trunks,  and  branches  of  trees  are  called 
wood.  Ordinary  wood  consists  of  three  distinct  portions, — woody 
fibre  (composed  of  carbon,  hydrogen,  and  oxygen),  ^  oonstituenU 
of  the  sap  and  water.  Becently  felled  timber  contains  all  three 
of  these  ingredients,  but  loses  a  large  proportion  of  its  water  by 
exposure  to  the  air.  The  relative  proportion  of  these  ingrediente 
differs  in  the  various  kinds  of  woods,  and  is  also  considerably 
affected  bv  the  seasons  of  the  year  at  which  the  different  speci- 
mens are  felled.  When  trees  are  cut  during  the  winter  months, 
and  therefore  not  in  a  state  of  active  v^e^tion,  this  proportion 
is  found  to  be  less  than  if  felled  in  the  summer  when  ftdl  of  sap; 
and  consequently  all  wood  should  (unless  prevented  from  some 
special  cause)  be  felled  during  the  colder  portion  of  the  year. 

Some  kinds  of  trees  are  cultivated,  not  only  for  the  timber 
which  they  yield,  but  also  on  account  of  the  tannin  contained  in 
their  barks;  and  such  species  are  usually  cut  during  the  flow  of 
the  sap,  as  they  are  at  that  time  more  easily  barked,  and  likewise 
contain  a  larger  proportion  of  the  compound,  on  account  of  which 
their  bark  is  collected. 

The  small  shoots  and  twigs  yield  a  larger  per  centage  of  water 
than  the  more  solid  stem,  and  this  difference  is  also  very  con- 
siderable in  many  woods  of  a  like  nature,  but  of  different  botanical 
species,  as  may  be  observed  hj  inspection  of  the  following  num- 
hen,  given  by  Schtibler  and  Hartig. 

100  parts  of  fresh  cut  wood  from  the 


WATER. 

Hornbeam  (Carp.  betuL)  cantain  18*6 
Willow  (SaL  caprea)  ....  26*0 
Sycamore  (Ac  pseudoplat.)  .  .  27*0 
Mountain  ash  (Sorb,  ancapar.)  .  28*8 
Asb  (Frazin  excekior)  .  .  .  28*7 
Birch  (Betola alba)      ....  300 


WATBB. 

Wild  service  tree  (Crataeg.  tormi- 

nalifl)   .     .     .- S2-8 

Oak  (Qnerc  robnr)  ....  84-7 
Pedicle  Oak  (Q.  pedunculaU)  .  85-4 
White  Fir  (Pin.  Abies  dor)  .  .  87-1 
Hoise-cheBnat  (AescoL  hippoGB8t)38-2 
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Fbe(P.sylve8tarL.)oontain  .89-7 
Bed  Beedi  (Fagiia  sylTaL)  .  .  89*7 
Alder  (BetuLahms)  .  .  .  .41*6 
Asp  (PopnL  tremula)  ....  43-7 
Elm  (UlmoB  campestr.)  .  .  .  44*5 
Bed^(P.pkM.diir)    .    .    .45-2 


Lime  tree  (Tiliui  eoropna) .    .    *  47-1 

Italian  Poplar  (Pop.  diUtat)     .  48*2 

Larch  (Pin.  larix) 48-6 

White  Poplar  (Pop.  alba).    .     .  50*6 

Black  Poplar  (Pop.  nigra)     .     .  61-8 


It  tiierefore  follows  that  recently  cut  wood  contains  from  one- 
fifth  to  one-half  its  weight  of  water,  which  would  not  only 
detract  from  its  valne  as  a  foel,in  the  same  proportion,  but,from  its 
esc^nng  in  the  form  of  vaponr,  must,  moreover,  carry  off  a  part 
of  the  heat  developed  hy  the  combus^on  of  the  other  elements. 

By  exposure  to  the  air  green  wood  soon  loses  a  portion  of  its 
water,  but  after  a  time  it  ceases  to  diminish  in  weight,  as  a  sort 
of  equilibrium  is  established  between  the  hygroscopic  power  of 
the  air  and  that  of  the  wood  itself.  When  this  occurs  no  further 
diying  is  effected  by  continued  exposure,  and  its  per  centage  of 
water  will  only  vary  within  very  narrow  limits,  dependent  on  the 
diynesB  or  humidity  of  the  situation  in  which  it  is  placed. 

In  this  state  wood  is  said  to  be  air-dried^  and  the  remaining 
fxniions  can  <mly  be  expelled  by  the  aid  of  heat,  the  last  traces 
bang  eliminated  with  extreme  (Acuity. 

Count  Bumford,  who  heated  specimens  of  various  kinds  of  air- 
dried  woods  at  a  temperature  of  277^  Faht.  until  they  ceased  to 
lose  weight,  obtained  the  following  results ; — 

100  parts  of 
Oak  wood  lost.     .     .    1664        Fir  wood  lost    .    .    .    1753 

Hm 18-20        Birch 1938 

Beech 18-66        Lime       1879 

Maple 18-63        Poplar 19-55 

Generally  speaking,  however,  the  wood  employed  for  ftiel  is 
never  thoroughly  dried,  but  retains  from  20  to  25  per  cent,  of 
water,  so  that  the  driest  specimens  seldom  contain  more  than  80 
per  cent,  of  combustible  matter.  Wood  several  years  old,  kept  in 
a  warm  room  for  six  months,  still  retains,  according  to  WirJder, 
17  per  cent,  of  water.  Woods  are  usually  divided  into  two  classes 
— ^iord  and  aoji.  This  distinction  is  founded  on  the  calorific 
properties  and  the  fecility  with  which  they  can  be  worked  by 
edge-tools. 

The  former,  among  which  are  numbered  oak,  beech,  white  and 
led  birch,  elm,  and  alder,  contain  in  the  same  bulk  a  larger  pro« 
portaon  of  fibre,  and  have  their  vessels  more  closely  packed  than 
liwse  of  the  softer  varieties, — such  as  pine  fir,  white  fir,  larchy 
lime,  wiDow,  and  the  various  kinds  of  poplar. 

Trees  which  have  grown  in  poor  lana  and  in  exposed  situations, 
are  foimd  to  produce  harder  and  denser  wood,  than  others  of  the 
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mtnii  kind,  wlii<?h  have  been  planted  in  more  sheltered  localitiep 
arid  richer  soils-  The  specific  gravity  of  wood  depends  in  a  great 
Dieu^tire  on  its  itructure ;  but  us  two  specimens  of  the  same  ir^ 
can  never  he  found  perfectly  homo^^eneous,  the  results  obtained  by 
experiment  iibould  ratber  be  considered  as  approximative  tlmn  as 
representing  the  true  density  of  the  wood  examined.  Thefie 
yanatians  of  specific  gravity  will  also  be  influenced,  to  a  cert^i 
degree,  by  the  nature  of  the  soil  in  which  the  tree  has  grown,  && 
on  tbi&f  will  depend  in  a  groat  measure  the  quantity  and 
character  of  the  i^lts  which  it  contains. 

From  the  air  contained  in  their  cavities,  woods  are  in  their 
ordinary  state  generally  lighter  than  the  same  bulk  of  distilled 
water  ;  but  when  reduced,  by  raapjng,  to  the  state  of  fine  powder, 
even  tiie  softest  varieticR  are  found  to  possess  a  greater  density 
than  that  liquid,  Jiy  thus  destroying  the  pores,  and  hberating 
the  enclosed  air,  the  specific  gravity  of  the  following  woods  waa 
found  to  be — 


Oak 
Lime 


1'27 
113 


Fir     . 
Beech 


1.16 
129 


In  the  following  table  the  resfK.'ctive  densities  of  the  different 
kinds  of  wood  in  their  various  states  are  given  according  to  the 
best  authorities : — 

^pm^fic  Gramty  of  different  hinds  of  Wood. 


1. 

2. 

3. 

Varirtj*  of  Wood 

Reoently 

Dried  in 

Strongly 

Felled. 

Air. 

Dried. 

1-0754 

0-7076 

0-668 

Pedicle  Oak  (Q.  rieduTiculjjU)       . 

1-0494 

0-6777 

0-663 

White  Willow  (SflUx  ftJba)  . 

0-9859 

0-4878 

0-467 

Uewh  (Fagua  sylvntlca) 

0-9822 

0-5907 

0-560 

Elm  (UImu«  cattipestris) 

0-9476 

0-6474 

0-618 

Hornbeam  (CaipinuH  betidua) 

0-9452 

0-7695 

0-691 

Lttrth  (PiniLi  kiix)     .... 

0-9205 

0-4735 

0-441 

Sccitch  Fir  (T^inuji  sylveatm) 

0-9121 

0-5502 

0-486 

Sycmnare  (Acer  p«<5u(lopktJHiiia)  . 

0-9036 

0-6592 

0-618 

A  Ah  (Fmslrms  exc^bsior)     . 

0-9086 

0-6440 

0-619 

BiTTh  (BetuU  ftlbfl)     .         .         .         , 

0-9012 

0-6274 

0-698 

Moantain  Ash  (Sorb.  axicup*rU)  . 

0-8993 

0-6440 

0-652 

Fir  (Pinuji  abie^s  Duj^i)      , 

0-8941 

0-5550 

0-498 

mv^  lit  (Pinas  pi«a,  D.) 

0-8699 

0-4716 

0-484 

Wild  Smice  (CniL  torminalis)     . 

0-8638 

0-5910 

0-649 

Horse-chesnut  (Aesculu^  hippoc) . 

0-8614 

0-6749 

— 

Alikr  (B«tuJ*  alum)  .        .        .        , 

0-8571 

0'5001 

0-448 

Litne  (TDiA  Eunjptta) 

0-8170 

0-4390 

0-431 

Dkck  Poplar  (PopuJus  nigra)       - 

0-7796 

0-3656 

0-846 

Aspoii  (Populus  tramula)     . 

0-7654 

0-4302 

0-418 

ItaMao  poplar  (Populus  lUUo)    , 

0-7684 

0-8981 

— 

Ebony 

— 

1-2260 

— 

WOOD. 
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The  colnnms  1  and  2  give  the  densities  determined  hj  Hartig, 
and  oohimn  3  the  resulls  obtained  by  Winkler,  who  weighed  a 
CQbic  inch  of  each  kind  of  wood. 

Wood  not  only  loses  weight  by  exposure  to  air,  but  at  the 
same  time  decreases  in  bulk ;  and  in  some  varieties  this  takes 
place  to  the  extent  of  one-tenth  of  its  original  volume. 

By  long  immersion  in  water,  the  soluble  and  extractive  matter 
contained  in  woods  is  dissolved,  and  therefore  the  method  of 
transporting  it  by  rafts,  as  practised  in  some  countries,  is  not  only 
finind  to  lessen  its  weight,  but  also  to  reduce  its  calorific  powers; 
and  consequently  the  advantages  of  cheap  transport  are  in  part 
ooonterbabinced  by  the  inferiority  of  the  wood  thus  conveyed. 

The  proximate  analysis  of  different  kinds  of  wood  yields  results 
little  differing  jQrom  each  other ;  but  in  all  the  varieties  which 
have  yet  been  examined  there  is  a  slight  excess  of  hydrogen  over 
the  oxygen,  although,  in  pure  woody  fibre,  they  are  combined  in 
wch  proportion  as,  by  their  union,  to  form  water.  The  results 
of  Schodler  and  Petersen  are  given  in  the  foDowing  table.  The 
different  kinds  of  wood  were,  in  these  experiments,  first  reduced 
to  the  state  of  powder,  and  then  dried  at  212'  Fah.  until  they 
ceased  to  lose  weight. 


100  Parts  yielded  :- 

- 

Species  of  Wood. 

— w-~ 

Carbon. 

Hydrogenu 

Oxjrgen. 

Pure  woody  fibre  .     .     . 

52-65 

5-25 

4210 

Qoercus  robur 

49-43 

607 

44-50 

Fraiin.  excelsior    . 

49-36 

607 

4457 

Acer  campestris     . 

49-80 

6-37 

43-89 

Fagns  svlvatica     . 

48-63 

6-30 

45-17 

Betulaalba       .     .     . 

48-60 

6-87 

4502 

Uhnus  campestris 

50-19 

6-42 

43-39 

Populufl  nigra        .     . 

49-70 

6-31 

43-99 

Tilia  Europffia        .     . 

49-41 

6-86 

43-73 

Salix  firagilis      .     . 

48-44 

6-36 

44-80 

Pinus  abies        .     . 

49-95 

6-41 

43-65 

Pmus  picea       .     . 

49-59 

6-38 

44-02 

1  Pmus  sylvestris 

49-94 

6-25 

43-81 

Knus  larix        .     . 

5011 

6-31 

43-58 

The  nature  and  amount  of  the  ashes  lefb  by  the  combustion 
of  the  various  kinds  of  wood,  depends,  not  only  on  the  species  of 
tree  examined,  but  is  also,  to  a  certain  degree,  influenced  by  the 
^ttkoe  of  the  soil  on  whi<^  it  has  been  produced,  as  the  different 
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inorganic  substances  which  enter  into  the  composition  of  organic 
bodies,  seem  to  have,  to  a  great  extent,  the  power  of  repUcing 
each  other  in  the  same  way  that  one  isomorphous  substance  may 
be  substituted  for  another  without  affec^ng  the  form  of  a 
crystalline  body.  Gtenerally  speaking,  the  ashes  of  wood  cantain, 
brides  potash  or  soda,  or  both,  lime,  mafi;ne8ia,  and  iron,  combined 
with  carbonic,  silicic,  sulphuric,  and  phosphoric  acids,  together 
with  the  chlorides  of  theur  radicals. 

The  following  table^  gives  the  per  centage  amount  of  ash 
remaining  after  the  combustion  of  different  varieties  of  wood . — 


Fir 

0-0083 

Elder  Tree      .     . 

0-0164 

Birch     .... 

00100 

Arbre  de  Jud^   . 

0-0170 

False  Ebony    .     . 

00125 

Oak  (branches)    . 

0-0250 

Hazel     .... 

00157 

Oak  (bark)     .     . 

0*0600 

White  Mulberry  . 

0-0160 

Lime  Tree      .     . 

0-0500 

Saint  Lucia     .     • 

00160 

The  different  parts  of  the  same  tree  do  not  yield  equal  propor- 
tions of  incombustible  matter ;  the  bark  and  leaves  always  pro- 
duce a  larger  amount  than  the  branches,  whilst  the  branches 
leave  more  than  the  tronk.  Woodv  plants  generally  yield  Iras 
than  herbaceous  ones,  which  are  also  remarkable  for  containing 
a  larger  proportion  of  silica  than  is  usually  met  with  in  wood 
ashes. 

The  experiments  of  Berthier  on  the  ashes  of  various  kinds  of 
trees  afforded  him  the  following  results  : — 


Table  showing  the  Composition  of  the  Ashes  of  various  Trees. 


Oak. 

LimeTroe. 

Chesnut 

Pip. 

Molbeny. 

j 

rCarbonic  Add    .    . 

28-40 

28-2 

18-8 

80-2 

230 

3 

Solphnric  Add  .    . 

6-9 

7-6 

8-7 

31 

8-3 

« 

Hydrodiloric  Add* 

4-0 

1-8 

0-6 

0-8 

4-0 

;» 

Silica 

1-0 

1-7 

2-7 

1-0 

< 

Potash 

Soda 

|60-7 

60-7 

69-3 

65.4 

62-0 
11-5 

100-0 

100-0 

100-0 

100-0 

98-8 

>  Berthier,  Easai  par  la  Yoie  Seche,  YoL  L  p.  259. 

■  Accordixig  to  the  theoiy  at  present  recdved  among  chemists,  hydrocfakiic 
acid  does  not  oombhie  directly  with  the  alkalies,  but  chlorine  becomes  miitad 
to  the  metallic  radical,  water  at  the  same  time  being  fbnned.  In  the  above 
table  the  author^s  lesulta  are  given  in  his  own  woidk 


tuhf  and  feat. 
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Oak. 
801 

Lime  Tree. 

Cheanut 

Fir, 

Mulbeny. 

1 

rCaibonic  Add     . 

89-8 

30-5 

230 

42-0 

Pbosphoric  AcU . 

7-0 

2-8 

1-9 

4-2 

1-8 

Sflkai   .... 

1-7 

2-0 

8-6 

8-0 

2-9 

1' 

Linw    .... 

44-7 

61-8 

611 

89-8 

461 

Magnesia  .    .     . 

7-9 

2-2 

8-8 

4-4 

4-6 

1 

Oxide  of  Iron     . 

0-1 

0-1 

8-6 

141 

0-6 

OsideofMaDganeM 

2-9 

0-9 

6-0 

1-8 

LChaRoaI,&c.    . 

4-5 

98*8 

99-8 

99-3 

99-5 

99-2 

t. — In  low  and  moist  situations,  where  water 
collects  and  cannot  easily  flow  off,  and  in  which  the  loss  hy  eva- 
pontion  is  inoonsiderahle,  large  swamps  or  moors  are  formed,  and 
m  these,  water-plants  of  all  kinds,  such  as  sedges,  rushes,  reeds, 
mosses,  algae,  and  even  small  shruhs,  grow  with  great  rapidity, 
and  q[dckly  cover  the  surface  with  a  thick  layer  of  vegetation. 
As  winter  comes  on,  these  die  and  fall  to  the  ground,  and  are, 
on  the  return  of  s^Mring,  themselves  covered  with  another  crop  of 
sonilar  plants.  These  changes  go  on  from  year  to  year,  and 
finally  the  bcittom  of  the  vdley  becomes  covered  with  a  thick 
layer  of  vegetable  matter  in  a  very  loose  state  of  aggregation. 
After  a  time,  decomposition  takes  place  in  the  mass,  carbonic  acid 
and  marsh  gas  (light  carburetted  hydrogen),  together  with  small 
quantities  of  sulphuretted  hydrogen,  are  evolved,  produced  by  the 
ndnction  of  the  sulphates  present,  and  finally  the  whole  attains 
a  oonsiders^le  density  and  becomes  of  a  dark  earthy  colour. 

This  substance  is  caUed  peai^  and  is  in  many  places  extensively 
employed  for  the  purpose  of  producing  heat.  There  are  but  few 
loeafities  in  which  small  quantities  of  this  substance  are  not 
ibimd;  but  in  some  countries,  such  as  Holland  and  North  Ger- 
many, such  formations  extend  over  districts  of  im^iense  extent, 
and  annually  furnish  large  amounts  of  fiiel  to  the  various  manu- 
&etones  in  their  vicinity. 

Sometimes  the  different  deposits  of  peat  appear  to  have  taken 
phee  at  suocessive  periods,  and  in  tins  case  they  are  generally 
Prided  into  parallel  horizontal  strata  by  layers  of  sand  of  various 
tiocknesses.  The  layers  nearest  the  surface  are  for  the  most  part 
Ina  compact,  and  of  a  lighter  colour,  than  those  found  deeper  in 
the  series,  and  are  made  up  of  the  roots  and  stems  of  plants, 
vhidi  although  more  or  less  decomposed,  still  retain  their  original 
firms 

This  porous  spongy  substance  is  called  turf,  and  generally 
Iteoomes  of  a  darker  colour  and  greater  density  as  its  depth 
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increases ;  finally,  it  loses  all  outward  traces  of  its  Y^^etable 
origin,  and  is  transformed  into  a  dark  muddj  substance  ealled 
peai. 

Peat  consists  of  turf  so  far  decomposed  that  no  traces  of  its 
original  organic  structure  remain,  and  of  which  the  fracture  has 
become  compact,  and  in  some  instances  even  resinous.  Its  density 
is  also  always  greater  than  that  of  the  more  recent  variety,  of 
which  a  cubic  foot,  on  an  average,  only  weighs  &om  four  to  six 
pounds,  whilst  the  weight  of  the  same  bulk  of  ordinaiy  peat  varies 
from  twelve  to  twenty  pounds. 

The  cutting  of  peat  is  a  very  simple  operation.  After  having 
laid  bare  the  surface,  the  peat  is  cut  by  square-pointed  shovels 
in  the  shape  of  rectangular  blocks,  which  are  afterwards  dried  in 
the  sun,  and  subsequently  stacked,  either  to  be  employed  for 
metallurgical  purposes,  or  to  be  used  for  ordinary  fires.  In  some 
instances  the  surface  of  the  ground  is  covered  with  water,  which, 
from  want  of  level,  cannot  be  drawn  off;  and  in  such  cases  the 
peat  is  collected  by  means  of  an  instrument  called  a  laucheL 
This  consists  of  a  square-pointed  shovel  provided  with  an  edge 
turned  up  at  right  angles  for  the  purpose  of  affording  a  hold  for 
the  block  after  its  separation  from  the  mass.  To  use  this  tool, 
a  man  stands  on  a  stage  raised  a  little  above  the  surface  of  the 
water,  and,  having  thrust  the  instrument  into  the  peat,  withdraws 
it,  together  with  a  small  cube  of  the  combustible,  attached  by 
its  adhesion  to  its  two  sides.  When  the  depth  of  the  water  is 
more  considerable,  a  larger  instrument  is  employed,  which  is 
worked  by  two  men,  and  provided  with  a  spring  for  holding  the 
detached  cube  of  peat  with  sufficient  firmness  to  alloiw  of  its  being 
drawn  to  the  surface,  where  the  spring  is  released  and  the  charge 
withdrawn. 

In  Holland,  when  the  peat  has  become  too  spongy  to  be  fur- 
ther extracted  by  the  method  above  described,  and  is  reduced  to 
the  state  of  black  mud,  it  is  obtained  by  the  use  of  a  sort  of 
dredge,  made  of  a  sharp  steel  hoop,  to  which  is  attached  a  bag 
of  close  network,  which  allows  the  water  to  flow  through,  but 
retains  the  particles  of  peaty  matter  scraped  from  below  the  sur- 
face of  the  water.  These  are  allowed  to  drain  in  wooden  troughs 
of  which  the  bottoms  are  covered  with  straw,  and  in  which  nume- 
rous holes  are  bored  for  the  pxu^se  of  allowing  the  water  to 
escape.  When  the  mass  has  thus  attained  a  certain  consistence, 
it  is  trodden  down  by  persons  wearing  large  pieces  of  wood,  like 
snow-shoes,  on  their  feet,  to  prevent  their  sinking  into  it,  and 
when  sufficiently  firm  to  resist  the  pressure  of  the  foot,  it  is 
beaten  with  a  peculiar  kind  of  beater  imtil  nearly  all  the  water  is 
expelled.     It  is  now  cut  into  blocks  not  unlike  bricks,  and  stacked 
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under  proper  sheds,  so  as  to  allow  currents  of  air  to  pass  between 
the  different  layers  and  thereby  facilitate  the  drying  of  the  blocks. 

The  ashes  which  remain  after  burning  peat  are  partially  deriyed 
from  the  salts  originally  contained  in  the  v^tables  of  which  it 
is  composed;  but  by  far  the  largest  proportion  arises  from  earthy 
matters  subsequently  deposited  from  the  water  which  so  frequently 
coTerB  the  surface  of  the  moors  in  which  it  is  produced. 

The  composition  of  the  ashes  of  peat  will  necessarily  be  influ- 
enced to  a  great  extent  by  the  natiure  of  the  soil  in  the  neigh- 
hoorhood  where  it  is  formed,  as  the  water  descending  from  higher 
grounds  during  heavy  rains  will  always  carry  witiii  it,  in  sus- 
pension, small  particles  of  the  earth  of  which  they  are  composed, 
ind  which  is  deposited  in  the  form  of  sand  on  reaching  the  lower 
lands,  where  it  accumulates.  In  fact,  it  is  constantly  observed 
that  the  ashes  of  peat  from  a  calcareous  district  will  principally 
consist  of  carbonate  of  lime,  whilst  a  specimen  which  has  been 
fanned  amongst  hiUs  of  igneous  origin  yields  an  ash  in  which 
siliceons  sand  predominates. 

In  100  parts  of  peat  the  following  quantities  of  ash  have  been 
observed: — 


Variety  of  Peat 


Ash. 


Observers. 


Gian  Pest,  faiowiiiah  yellow  . 

Kteh  Peat,  from  Qermont     . 

HertMoeoos,  firom  Bnrgundy  . 

Brown  and  Hertooeons,  from  Troyes 

Toy  old  Peat,  from  Ynlcaire,  near  Abbeville 

«  "        Long     . 

Not  80  dd,  from  Champ  de  Fen 
Near  Berlin,  let  stage    . 

u       t(    2d    ** 

"        "    3d    " 
MflotinEichafeld,  Ist  sort 

u  (i  2d    " 

u  it  4tjj  tt 

rdbmiEh  broim,  from  Dartmoor 


17-30 

26-00 

7-10 

16-00 

5-88 

4-61 

5-35 

9-30 

10-20 

11-20 

21-60 

23-00 

30-60 

33-00 

13-43 


hBerthier. 


Regnanlt 


Achard. 


I 

Bnchholz. 
i.  A.  Phillips. 


After  deducting  the  ash,  E^nault  obtauied  the  foUowing 
per-eentage  amounts  from  three  specimens  of  peat,  included  in 
fc  foregoing  table:^ — 


O^^genand 

Caibon. 

Hydrogen. 

Nitrogen. 

Post  from  Vulcaire    .     .    6703     . 

.     6-63     . 

.     31-76 

Long    .     .     .    5809     . 

.     0-93     . 

.     31-37 

Champ  de  Feu  5779     . 

.     611     . 

.    30-77 
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FoBsil  fuel  is  fotmd  in  three  distinct  fonnations — 

Istly.  In  the  tertiary  firmatian:  fresh  water  limestone,  shell 
limestone,  &c, 

2ndl7.  In  ihe  secondary  farmaikm:  both  in  the  older  Kei:^ 
and  Jura  fonnations,  and  in  the  more  recent  chalk. 

drdlj.  In  the  ooalformaUcm,  which  is  subdiTided  into  the  older 
franakMn  formaHonf  producing  anthracite;  and  the  newer  coal 
forfnatum,  yielding  coal. 

f  ifiJifii  mr  Bfwwa  Cmo,  from  the  tertiary  formation,  varies  venr 
much  in  its  appearance  and  composition,  and  has  consequently 
received  firom  miner8l<^ists  several  distinct  names,  such  as  brown 
ooaly  bUvimmom  tooodj  common  HgnUCy  and  earthy  Ugfdte.  Of 
these,  the  former  very  much  resembles  turf  in  its  nature,  consist- 
ing of  woody  matter,  which  in  many  instances  so  &r  retains  its 
original  structure  as  to  admit  of  the  recognition  of  the  class  to 
which  the  tree  belonged.  This  kind  frequently  loses  about  20 
per  cent,  of  water  at  a  heat  of  212"^  Fah.,  and  yields  frt>m  35  to  40 
pw  cent,  ai  a  brittle  coke  resembling  charcoal. 

The  second  variety,  or  bituminous  wood,  although  it  still  pre- 
sents to  a  certain  degree  its  woody  texture,  is  generally  of  a  voy 
dark  brown  ex  black  colour,  and  more  closely  resembles  in  ito 
nature  some  varieties  of  mineral  pitch  than  the  wood  from  whidi 
it  was  orifipnally  formed. 

At  Meiszner,  in  G^nnany,  a  deposit  of  bituminous  wood  is 
covered  by  a  stratum  of  basalt  more  than  three  hundred  feet  in 
thickness,  and  occurs  in  flattened  fragments  which  still  retain  the 
laminated  structure  of  wood.  Its  transverse  fracture  is  conchoidsl 
and  glossy,  its  specific  gravity  1*32,  and  the  usual  colour  of  the 
substance,  either  dark  brown  or  black.  When  burnt,  it  decrepi- 
tates on  the  fire,  giving  off  a  very  disagreeable  odour,  and  leaves 
about  14  per  cent,  of  ash. 

Common  lignite  very  much  resembles  in  its  appearance  coals 
from  the  secondary  formations.  Its  usual  colour  is  black  or 
brown,  with  a  compact  structure  and  irregular  fracture.  Some- 
times the  fracture  is  conchoidal  and  brilliant,  and  in  this  case  the 
substance  is  often  called  jet^  although  the  true  jet  from  which 
ornaments  are  manu&ctured  is  not  a  variety  of  lignite.  This 
substance  contains  a  less  proportion  of  water  than  the  variety 
known  by  the  name  of  fossil  wood,  and  has  an  average  specific 
gravity  of  1-20.  When  heated,  it  gives  off  inflammable  gases, 
together  with  acid  and  tarry  matters;  but  the  resulting  coke  in 
most  instances  retains  the  form  of  the  fragment  from  which  it  was 
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produced.  Less  frequently,  the  lignites  may  be  so  &r  softened 
bj  heat  as  to  ran  together  and  cake  on  the  fire,  or  even  to  assume 
t  tany  consistence ;  but  these  specimens  are  only  to  be  obtained 
fiom  deposits  occurring  in  the  fresh-water  limestone  fonna- 

tiODS. 

The  earthy  ligmtes,  as  their  name  implies,  contain  a  large  pro- 
pottioii  of  incombustible  foreign  matter.  They  have  a  dark 
brown  colour  and  hackly  fracture,  and,  from  the  quantities  of 
iron  pyrites  and  clay  which  they  contain,  are  sometimes  burnt  for 
the  purpose  of  manufacturing  alum  and  copperas  from  the  ashes 
th^  thus  afford. 

The  following  table  shows  the  per-centage  composition  of 
lerenJ  yarieties  of  lignite : — 


Oxygen, 

Tniety  of  lignite. 

Aah. 

Caibon. 

t 

Hydrogon. 

Sulphur,  & 
Nitrogen. 

Obflerven. 

Etttfay^frMiDttK. 

4-99 

70-49 

6-69 

18-98 

BoQcfaada 
Rh6M    .    . 

18-43 

68-88 

4-68 

18-11 

•    Begnault 

Nieder-Alpen  . 

301 

70-02 

6-20 

21-77 

Mdtzner    .    . 

19-10 

70-12 

3-19 

7-69 

PkchCod.    . 

11-50 

66-60 

4-76 

2716 

Rogkuhl  .    . 

10-17 

60-88 

4-86 

24-64 

Kfihnert. 

Csnel  Coal  torn 

SBsknhl  .     . 

10-66 

6611 

4-82 

18-61 

Wigm  .    .     . 

4-95 

80-21 

6-80 

8-54 

J.  k,  Phfflips. 

CoDoepdonBaj 
L«Dite,fiom  Sandy 

7-49 

70-88 

6-84 

16-84 

AdminOly 
V  Coals  Investi- 

Bay,  Patagonia 

13-29 

62-19 

6-08 

19-44 

gatSon. 

TikafananoBay 

6-92 

70-71 

6-44 

16-98 

BrngknU  .    . 

12-68 

61-70 

6-26 

30-37 

Kuhnert. 

Gmoe  .    .    . 

9-01 

61-21 

6-00 

24-78 

) 

Cologne     .     . 

6-49 

63-29 

4-98 

26-24 

VRegnault 

ri««!h      .    . 

2-19 

66-04 

6-70 

36-07 

) 

Laabadi     .     . 

J 

0-49 

67-28 

6-08 

86-10 

The  specific  gravit  j  of  the  different  varieties  of  brown  coal 
^vie^  bat  withm  narrow  limits.  Begnault  found  the  specimens 
of  lignite  which  he  examined  to  possess  densities  of  from  1*10,  to 
1"^.  The  earthy  lignites  analysed  by  EUhnert  weighed  from 
HlO  to  1-486,  whilst  the  several  varieties  tested  by  the  officers 
«f  fte  "Admiralty  Coals  Investigation"  had  specific  gravities 
'ayin^  from  1-291  to  1-321 :  hence  the  weight  of  a  cubic  foot 
tf  figmte  will,  on  an  average,  be  about  75  pounds. 
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Of  miiicnd  mr  pir  CmO. — ^This  substance  is  found  in  seams  of 
vaxying  thickness  in  the  carboniferous  and  secondary  formations, 
but  occurs  in  much  larger  quantities  than  any  of  the  before- 
mentioned  varieties  of  fuel. 

Although  at  the  present  day  of  such  vast  importance  to  tibe 
manufacturing  industry  of  this  and  other  countries,  its  employ- 
ment as  fuel  is  of  comparatively  recent  date.  Its  valuable  pro- 
perties appear  to  have  been  first  discovered  by  the  Chinese,  who, 
according  to  the  testimony  of  Marco  Polo,  have  from  remote  anti- 
quity been  acquainted  with  a  "  black  stone,  which,  when  thrown 
on  the  fire,  bums  like  wood."  In  Europe,  the  employment  of 
this  combustible  arose  from  the  gradual  decrease  in  the  supply  of 
wood,  and  in  the  year  1238  the  first  colliery  was  opened  on  the 
high  grounds  in  the  neighbourhood  of  Newcastle-on-Tyne.  This 
was  followed  in  1330  by  another  mine  near  Lanchester,  and  in 
1500  by  those  of  Gat^head,  Wickham,  Tynemouth,  and  many 
others.  Since  this  period  the  great  advances  made  in  eveiy 
department  of  the  industrial  arts,  and  the  application  of  steam  as 
a  motive  power,  have  caused  a  rapidly  increasing  demand  for  fuel, 
which  has  led  to  a  diligent  search  for  this  valuable  substance  in 
almost  every  part  of  the  civilised  world.  In  England  the  prin- 
cipal coal  districts  are  Northumberland,  Durhaon,  Yorkshire, 
Cumberland,  Staffordshire,  Lancashire,  and  Cheshire.  There  is 
also  an  abundance  of  this  fuel  found  in  many  parts  of  Scotland, 
in  North  and  South  Wales,  and  in  some  parts  of  Ireland^  On 
the  continent  of  Europe,  the  supply  is  comparatively  much  less 
abundant  than  in  England,  although  considerable  quantities  are 
annually  obtained  from  the  mines  of  central  France,  Belgium, 
Westphalia,  and  Upper  and  Lower  Silesia.  Lai^  deposits  of 
fossil  friel  also  occur  in  the  United  States  of  America,  in  Borneo, 
and  on  the  Australian  continent. 

Veins  of  coal  are  worked  by  means  of  shafts  and  galleries  in 
the  same  way  that  metallic  minerals  are  extracted  from  the  lodes 
in  which  they  are  found ;  but  as  the  seams  of  coal  are  generallr 
much  more  extensive  than  the  metallic  deposits,  and  much 
larger  masses  are  consequently  removed  from  the  interior  of  the 
mines,  the  greatest  care  is  required,  not  only  to  prevent  the 
crushing  together  of  the  workings,  but  also  to  induce  a  current  of 
air  into  every  part  of  the  colliery  in  such  a  way  as  to  furnish  the 
workmen  with  fresh  air  for  the  purposes  of  respiration,  and  pre- 
vent the  accumulation  of  the  explosive  gases  which  frequently 
issue  from  beds  of  coal.  The  great  number  of  varieties  of  coal  has 
given  rise  to  distinctions  founded  partly  on  its  age  and  appear- 
ance, and  partly  on  its  quality. 

In  all  kinds  of  coal  the  structure  of  the  wood  from  which  they 
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hare  been  formed  is  obliterated,  although  partial  impressions  of 
plants  indicating  their  origin  frequently  occur.  Cosis  generally 
fann  a  more  or  less  compact}  mass  of  a  dark  brown  or  black  colour, 
sometimes  dull,  but  more  frequently  possessing  a  vitreous  lustre, 
which  often  exhibits  a  decided  iridescence.  Their  specific  gravity 
is  considerably  above  that  of  wood,  and  their  structure  decidedly 
granular.  They  are  always  distinctly  stratified,  and  have  gene- 
raQj  a  d^vage  at  right  angles  to  the  plane  of  deposition.  The 
different  laminsB  of  which  they  are  made  up  are  usually  in  close 
contact  with  each  other,  but  are  sometimes  found  to  be  separated 
bj  thin  layers  of  other  minerals,  such  as  iron  pyrites,  carbonate 
and  sulphate  of  lime,  galena,  sidphate  of  baryta,  the  soda  salts, 
and  still  more  frequently  by  a  double  carbonate  of  lime  and  iron. 

The  fracture  of  the  shining  kinds  of  coal  is  conchoidal,  and 
^tisX  of  the  duller  varieties  hackly.  Common  coal,  and  par- 
ticnkrly  that  from  the  newer  formations,  is  observed  to  be  made 
up  of  kyers  of  very  different  appearance :  the  one  kind,  which  is 
black  and  shining,  and  has  a  conchoidal  fracture,  is  rich  in  carbon; 
whilst  the  duller  variety,  which  is  of  a  brown  colour,  contains  a 
smaDer  amount  of  that  element,  and  has  a  soft  velvely  structure. 

When  ooal  is  compact,  and  has  a  resinous  lustre,  it  is  called 
piUh  cod;  that  which  has  a  cubical  fr'acture  is  called  cubical  coal; 
if  it  agglomerates  by  heat,  and  partially  melts  on  the  fire,  it  is 
Tamed  caking  coal;  and  when  it  can  be  easily  split  into  thin 
leaves  parallel  to  the  lines  of  deposition,  it  is  known  by  the  name 
of  «2ate  or  vplvnt  coal.  On  extracting  coals  from  the  pit,  and 
Waving  them  exposed  to  a  dry  atmosphere,  they  lose  a  portion  of 
the  moisture  with  which  thev  are  more  or  less  saturated  on 
leaving  the  mine,  but  still  retam  a  certain  amount,  varying  from 
1  to  12  per  cent.,  according  to  their  mechanical  structure.  The 
following  table,  extracted  from  the  Third  Official  Report  on  the 
Coals  suited  to  the  Steam  Navy,  shows  the  per-centage  composi- 
tion of  several  varieties  of  British  coals,  together  with  their 
specific  gravities,  and  the  amount  of  ash  and  coke  yielded  by  each. 
(&e  Table,  page  134-135.) 

The  results  obtained  by  Eegnault  and  Karsten  from  several 
varieties  of  foreign  coals,  are  given  in  page  136. 
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Description  of 
0»L 

Carixm. 

Hydrogen. 

Oxygen 
and 

AjOl 

Density. 

Obsei'veA 

Nitrogen. 

Akis,    Dep.    da 

Gaid     .    .    . 

89-27 

4-88 

4-47 

1-41 

1-322 

Rive   de   Gier— 

Grand  Croix  . 

87-46 

6-14 

6-63 

1-78 

1-298 

Fiend  fiom  Mons 

84-67 

6-29 

7-94 

2-10 

1-276 

DecazeviDe,  Dep. 

Aveyron     . 

82-12 

6-27 

7-48 

613 

1-284 

Epinac      .    .    . 

87-12 

6-10 

11-26 

2-63 

1-363 

Commcntry   .    . 

88-72 

6-29 

11-76 

0-24 

1-819 

BUnzy      .    .     . 

76-48 

6-23 

16-01 

0-28 

1-362 

Regnanlt 

ObenkxTchen 

Llpp<i- 

Sciiaumbiuv  . 

89-60 

4-83 

4-67 

1-00 

1-279 

C&»l,Dep.,Ave3r- 

ron   .     .     .     . 

76-88 

4-74 

9-02 

11-86 

1-294 

Neroi   .... 

63-28 

4-86 

13-17 

19-20 

1-410 

Saint-Girons  .    . 

72-94 

6-46 

17-63 

4-08 

1-316 

Saint-€k>]ombe    . 

76-41 

6-69 

17-91 

0-89 

1-306 

Leopoldinen- 

gnibe,  Sileria . 

78-88 

2-76 

2-47 

21-89 

— 

Konigegnibe, 

Upper  SaesU . 
S&lzer  &  Keoak, 

78-89 

S-21 

17-77 

0-60 

1-286 

-Kanten. 

Westphalia 

88-68 

8-21 

8-11 

0-70 

1-288 

Hnndsnak      .     . 

96-02 

8-20 

6-46 

0-60 

1-338 

The  composition  of  the  ashes  of  a  coal  is  in  a  great  measoie 
inflaenced  by  the  nature  of  the  rock  in  the  vicinity  of  the  seam 
from  which  it  is  extracted,  ajs,  besides  containing  the  inorganic 
elements  originally  forming  part  of  the  plants,  by  the  decomposi- 
tion of  which  the  coal  h^  been  produced,  they  will  also  to  a 
certain  d^ree  consist  of  earthy  particles,  deposited  in  the  pores 
of  the  coal  by  the  infiltration  of  water  from  the  overlying  strata. 

From  the  analysis  of  the  ashes  of  seven  varieties  of  British 
coals,  I  have  obtamed  the  results  here  given  in  a  tabular  form: — 


KameofCoal  from  which 
the  Ash  was  obtained. 


OQ 


o 


I 


41 


I 


Pontypool    .... 

Bedwas 

Porthmawr  Bock  Vein. 
Ebbw  Yale  .... 
Foxdel  Splint  .  .  . 
Elgm  Wallsend  .  . 
ColMhiU      .... 


40-00 
26-87 
84-21 
63-00 
37-60 
61-66 
69-27 


44-78 
66-96 
62-00 
36-01 
62-00 
24-42 
29-09 


12-00 
6-10 
6-199 
3-94 
3-73 
2-62 
6-02 


trace 

1-19 

0-659 

2-20 

1-10 

1-73 

1-36 


2-22 
7-23 
4-12 
4-89 
4-14 
8-38 
3*84 


0-76 

0-74 

0-683 

0-88 

0-88 

1-18 

0-40 


99-75 

98-08 

97-821 

99-92 

99-45 

99-99 

99-97 


Besides  the  above  substanoes,  traces  of  Chlorine  were  detected  in  nuist  of  the 
Bpwamens  examined. 
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whicli  is  the  oldest  of  all  kinds  of  fossil  ^el,  is 
chiefly  found  in  the  transition  formations.  Its  structure  is  per- 
fectly homogenous,  its  fracture  conchoidal,  and  its  colour  a  jet 
black,  with  a  vitreous  lustre,  which  frequently  displays  a  powei^ 
play  of  colours. 

The  results  obtained  by  various  chemists  from  analysis  of 
specimens  of  this  substance  are  given  below. 


LocaUtjof 
Antfancite. 

Carbon. 

Hydrogen. 

Oxygen 

and 
Nitrogen. 

Ash. 

Specific 
Gravity. 

Pamsvlvania, 

AuiencA     .     . 

90-45 

2-43 

2-45 

4-67 

1-462" 

Koldac^nearAix- 

U-Chapelle     . 
Mire,       Bracon- 

91-98 

8-92 

3-16 

0-94 

1-367  , 

Renault. 

niire.     .    .     . 

91-45 

4-18 

2-12 

2-25 

1-343^ 

Sable,    Dep.    de 

USorthe   .     . 

87-22 

2-49 

3-39 

6-90 

1-761 N 

Tizffle,   Dep.   de 

i 

riadre  .     .     . 

94-09 

1-85 

2-85 

1-90 

1-780  ( 

Jaquelin^ 

laere    .     .    .    . 

94-00 

1-49 

8-68 

4-00 

1-660 ; 

Uaognkke,  GLir 

morganshiro   . 

91-44 

3-84 

8-58 

1-62 

1-375 

Wright- 

SBeraniagh,  Ire- 

son. 

land      ..     - 

80-03 

2-30 

■~~ 

— 

1-590 

H.  How. 

ff  Hcac  MB  FimL — Since  all  the  various  substances 
employed  for  the  purposes  of  friel  are  of  organic  origin,  it  follows 
that  they  are  more  or  less  prone  to  decomposition.  Chemical 
combinations  are  stable  within  certain  limits  of  temperature  only, 
and  when  these  points  are  passed,  a  series  of  compounds  is  pro- 
duced by  fresh  groupings  of  the  various  elements  of  which  the 
odg^nal  substance  was  composed.  When  a  substance  such  as 
wood  is  strongly  heated,  the  arrangement  of  its  elements  is 
faroken  up,  and  new  compounds  are  produced,  capable  of  existing 
at  the  higher  temperaturo  at  which  they  are  formed.  The  nature 
of  these  products  will  in  a  great  measure  depend  on  the  degree  of 
hetfc  which  has  been  employed,  as  those  obtained  at  one  tempera- 
ture will  materially  differ,  both  in  quantity  and  composition, 
fiom  those  which  are  formed  at  another. 

The  results  will  moreover  be  essentially  different,  according  as 
wr  is  excluded  from  or  admitted  into  the  apparatus  in  which  the 
bestfing  takes  place.  When  air  is  admitted,  the  products  at  first 
fivmed  afe  immediately  subjected  to  the  powerM  chemical  action 
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of  the  oxygen  which  it  contaiiu,  and  which  combines  with  thor 
elements  to  form  new  bodies,  and  combustion  results  as  a  second- 
ary process. 

If,  on  the  contrary,  the  decomposition  is  effected  by  heat  alone, 
with  the  exclusion  of  atmospheric  air,  the  process  is  known  by  the 
name  of  dry  distiUatUm,  and  affords  the  meajos  of  collecting  and 
studying  the  various  products  obtained  at  more  or  less  elevated 
temperatures.  This  operation  is  of  the  greatest  importance,  not 
only  from  its  occurring  in  all  cases  where  a  body  is  burnt,  but 
also  as  affording  the  means  of  modifying  various  fuels,  so  as  to 
adapt  them  to  the  particular  circumstances  under  which  they  are 
to  be  employed.  When  a  piece  of  wood  or  coal  is  strongly 
heated,  its  dements  so  arrange  themselves  as  to  give  rise  to 
gaseous  compounds,  and  these  escaping  at  an  elevated  tempera- 
ture, ignite  and  produce  flame.  This  combustion  affords  suflicient 
heat  to  cause  the  non-volatile  portion,  or  carbon  of  the  ^el,  to 
combine  with  the  oxygen  of  the  air,  which  in  its  turn  produces  a 
fresh  supply  of  gas  from  that  portion  of  the  mass  with  which  it 
is  in  most  immediate  contact.  In  this  way  the  combustion  is 
supported  until  the  substance  is  entirely  consumed,  as  the  heat 
evolved  by  the  combustion  of  the  carbon  on  the  outer  surface  of 
the  mass  causes  the  dry  distillation  of  the  inner  portions  with 
which  it  is  in  contact,  whilst  the  gases  thus  evolved  tend  to 
facilitate  the  union  of  the  carbon  of  the  outer  surfaces  with  the 
oxygen  of  the  air. 

When  the  elements  of  which  a  fuel  is  composed  are,  by  the  aid 
of  heat,  forced  to  abandon  their  state  of  equiUbrium,  the  nature 
of  the  new  products  obtained  will  be  to  a  certain  extent  influenced 
by  three  different  causes. 

Istly.  By  the  temperature  by  which  the  decompositions  have 
been  effected. 

2ndly.  By  the  degree  of  chemical  affinity  which  exists  amongst 
the  various  elements. 

3rdly.  By  their  relative  degrees  of  volatility. 

Hydrogen  and  oxygen  are  both  volatile  bodies,  whilst  carbon, 
on  the  contrary,  is  perfectly  fixed,  and  therefore  the  two  former 
will  constantly  have  a  tendency  to  separate  from  the  latter,  and 
pass  off  in  the  form  of  gas.  Here,  however,  chemical  affinity 
comes  into  play,  and  causes  them  to  unite  with  each  other  and 
form  new  compounds,  or  to  combine  either  singly  or  together  witii 
carbon,  a  portion  of  which  is  thereby  made  to  assume  the  gaseous 
form.  The  most  simple  and  stable  compound  of  hydrogen  and 
oxygen  is  water,  whilst  the  excess  of  hydrogen  which  exists  in  all 
fuels  takes  up  a  portion  of  the  carbon,  with  the  production  of 
light  carburetted  hydrogen  or  olefiant  gas,  and  the  united  action 
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of  these  contmnallj  tends  to  the  formation  of  a  series  of  ternary 
oompomids,  the  nature  of  which  will  in  a  great  measure  depend 
on  the  temperatures  at  which  they  are  formed,  as  those  will  he 
eoDstantly  produced  which  are  most  stahle  at  the  various  degrees 
of  heat  attained.  The  rapid  chemicaL  action  incident  on  the 
prodoction  of  these  varied  compounds,  necessarily  produces  a 
rarther  elevation  of  temperature,  and  the  consequent  formation 
of  new  groups. 

The  number  of  compounds  which  can  he  thus  obtained  is 
extremely  great,  and  appears  to  be  only  limited  by  the  nimiber  of 
combinations,  binary  and  ternary,  which  are  mathematically  pos- 
sible for  every  amount  of  temperature.  Besides  these  various 
gtteoQs  products,  the  dry  distillation  of  fuel  affords  acetic  acid, 
fgrosyUc  or  wood  spirit,  and  tar,  together  with  a  number  of 
other  substances,  such  aa,  paraffin,  picamar,  pitacaU,  crwuotCj  and 
napklhaimey  &c,  which  are  of  less  practical  importance. 

The  greater  the  proportion  of  hydrogen  contained  in  a  fuel, 
md  the  less  the  quantity  of  oxygen,  the  more  numerous  are  the 
eombinations  of  carbon  produced,  but  in  no  substance  are  these 
nifficient  in  amount  to  combine  with  the  whole  of  the  carbon 
fi^nent,  a  portion  of  which  invariably  remains  in  the  solid  form 
in  iAnd  vessel  in  which  the  distillation  has  been  effected. 

The  charcoal  produced  from  wood,  brown  coal,  and  turf,  always 
retains  the  form  of  the  original  fragment  before  it  was  subjected 
to  the  action  of  heat;  and  in  the  case  of  the  former,  its  mechanical 
Etmctore  is  so  completely  preserved  that  the  year-rings  and  cells 
may  be  perfectly  d^tinguished^  and  the  kind  of  wood  from  which 
it  was  made  ascertained. 

Cod  having  a  different  elementary  constitution,  is  differently 
aficted  by  the  action  of  heat. 

Some  varieties  of  coal,  on  being  heated,  undergo  a  kind  of 
foaon,  and  yield  a  spongy  residue  or  coke  of  a  totally  different 
structure  from  the  coal  fi^m  which  it  was  produced.  When  small 
fragments  of  this  kind  of  coal  are  subjected  to  the  action  of  heat, 
th^  soften  and  adhere  to  each  other,  so  as  to  form  one  mass,  and 
from  this  property  they  have  received  the  name  of  caking  coals. 

Goab  which,  by  dry  distillation,  leave  a  coke  retaining  to  a 
certain  extent  traces  of  its  original  structure,  yet  still  having  the 
property  of  caking  on  the  fire,  although  in  a  less  degree,  are  called 
inter  coa2f. 

A  third  variety,  which  does  not  cake  on  the  fire,  and  of  which 
the  finer  fragments,  when  converted  into  coke,  do  not  agglomerate, 
is  called  sand  coal,  and  chiefly  used  for  i^imaee  purposes. 
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From  the  large  amount  of  water  contained  in  most  yarieties  of 
fuel,  as  well  as  from  the  oxygen  which  enters  into  their  consti- 
tution, it  is  evident  that,  when  burnt,  a  portion  of  the  heat 
evolved  must  be  rendered  unavailable,  as  the  water  present  will 
not  only  cany  off  by  its  evaporation  a  part  of  the  heat  pro- 
duced, but  the  union  of  the  hydrogen  and  oxygen,  forming  part 
of  the  ftiel  itself,  will  give  rise  to  another  portion  of  water,  which 
will  have  to  be  evaporated  at  the  expense  of  a  further  sacrifice  of 
heat. 

In  order,  therefore,  to  obtain  a  larger  amount  of  combustible 
matter  in  a  given  bulk  of  fiiel,  it  has  long  been  the  custom  to 
expel  the  aqueous  and  gaseous  portions  of  such  as  are  required  to 
afford  an  intense  heat,  before  applying  them  to  the  uses  for  which 
they  are  intended.  This  is  the  object  of  chairing  wood,  or  con- 
verting it  into  charcoal,  which  has  since  been  extended  to  peat, 
lignite,  and  coal,  in  which  latter  case  the  process  is  called  coking, 
and  the  resulting  product  is  known  by  the  name  of  coke.  By 
this  means,  the  Afferent  kinds  of  natural  fuels  are  made  to  affori 
a  series  of  artificial  ones  respectively  richer  in  their  heating  pro- 
perties than  the  substances  from  which  they  are  derived ;  and 
their  economical  preparation,  therefore,  becomes  a  subject  of  great 
importance,  not  only  to  the  metallurgist,  but  to  all  manufactorers 
who  require  the  aid  of  an  elevated  temperature. 

naaoiiftcaire  •£  Charc^tti. — If  we  ignite  a  small  splinter  of 
wood,  and  closely  examine  the  way  in  which  it  bums  when  the 
lighted  end  is  held  downwards,  two  distinct  periods  will  be  ob- 
served. When  the  flame  has  become  weak,  fix)m  the  volatile  and 
combustible  products  having  ceased  to  be  evolved,  except  in 
very  small  quantities,  it  is  observed  to  gradually  die  out,  and 
nothing  will  remain  but  the  feeble  glimmering  produced  by  the 
slow  combustion  of  the  remaining  charcoal,  which,  not  affording 
sufficient  heat  to  admit  of  the  combination  of  the  carbon  with 
the  oxygen  of  the  air,  soon  ceases.  K,  as  soon  as  the  flame  is 
extinguished,  the  chip  be  placed  in  a  close  vessel,  such  as  a  test- 
tube  stopped  by  the  finger,  it  will,  from  want  of  air,  be  quickly 
extinguished,  without  any  of  the  glimmering  before  noticed;  and 
if  a  piece  of  wood  be  at  once  heated  in  a  close  vessel,  so  as  to 
completely  char  it  without  first  producing  ignition,  the  volatile 
matters  are  driven  off,  and  charcoal  produced  without  loss  from 
the  action  of  the  air.  In  the  ordinary  methods  of  preparing^ 
charcoal  on  a  large  scale,  both  these  principles  are  in  a  manner 
involved,  as  in  tins  case  a  portion  of  the  wood  is  consumed  in 
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order  to  raise  the  temperature  suffidentlj  to  drive  off  the  volatile 
oonstituents  of  that  which  remains,  whilst  the  comhustible  pro- 
ducts of  distillainon  are  invariably  more  or  less  perfectly  consumed. 
Less  frequently  the  coking  is  effected  in  large  ovens  or  retorts, 
aod  in  that  case  the  second  principle  only  comes  into  play. 

Whichever  of  these  contrivances  be  employed,  it  is,  however, 
e»ential  that  sufficient  time  be  allowed  for  aU  the  hydrogen  to 
combine  with  the  oxygen  so  as  to  form  water,  without  which 
these  gases  unite  with,  and  render  volatile,  a  portion  of  the  carbon, 
and  thereby  diminish  the  amount  of  coke  produced.  Karsten, 
who  has  carefully  examined  this  subject,  obtained  the  following 
nauHs,  from  which  the  advantage  of  the  slow  over  the  quick 
method  of  charring  becomes  apparent. 


Per-oentage  AmonntofPer-oentageAmoimtof 

Species  of  Wood  employed. 

ChoTooal  obtained  by 
Quick  Method  of 

Charcoal  obtained  by 
Slow  Method  of 

CharriDg. 

Charring. 

Young  Oak     .... 

16-54 

25-60 

OUdo 

15-91 

25-71 

Young  Bed  Beech   .     . 

14-87 

25-87 

Olddo. 

1415 

26-15 

Young  White  Beech     . 

1312 

25-22 

Olddo. 

13-65 

26-45 

Young  Alder  .... 

14-45 

25-65 

Olddo 

15-30 

25-65 

Young  Birch       .     .     . 

1305 

25-05 

Oldda 

12-20 

24-70 

Birch  100  years  old      . 
Young  Deal  P.  pieea  D. 

1215 

2510 

14-25 

25-25 

Olddo. 

14-05 

25  00 

Young  Fir,  P.  Abies  D. 

16-22 

27-72 

Olddo.      ..... 

15-35 

24-75 

Young  Pine,  P.  sylvestris 

15-52 

26-07 

.Olddo 

13-75 

25-95 

'lame-tree       .... 

13-30 

24-60 

The  best  method  of  ascertaining  the  quantity  of  charcoal 
yielded  by  the  various  kinds  of  wood  is  to  place  a  weighed  frag- 
Qoit  of  the  wood  in  a  crucible  filled  with  saw-dust  or  charcoal 
dost,  sad  having  placed  it  in  an  assay  ^imace,  the  heat  should  be 
gradually  raised  to  redness,  at  which  temperature  it  is  kept  for 
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about  a  quarter  of  an  hour,  when  the  crucible  must  be  willidrawn 
from  the  fire,  and  allowed  to  cool  previous  to  being  opened*  Fine 
sand  may  also  be  employed  instead  of  saw-dust  for  the  purpose  of 
excluding  the  air  from  the  wood.  When  the  crucible  has  suffi- 
denily  cooled,  the  charcoal  is  withdrawn  and  weighed.  Thia 
expenment  should  be  repeated  at  least  twice  on  each  yariety  of 
wood,  for  the  purpose  of  avoiding  error. 

PrvpanMlMi  •T  Ctawal  Im  Hdicn  or  Mwmn^M. — ^The   charooal- 

bumer  selects  for  this  purpose  a  dry  lo(^ty,  sh^tered,  on  at 
least  one  of  its  sides,  either  by  a  hill  or  a  portion  of  the  uncut 
forest ;  since,  if  the  heaps  were  constructed  in  an  exposed  situa- 
tion, it  would  be  extremely  difficult  to  prevent  their  b^g  so  acted 
on  by  the  wind  as  to  cause  an  unequal  charrine  of  the  wood. 
When  a  proper  situation  has  been  chosen,  and  which,  to  prevent 
the  expense  of  carriage,  should  not  be  &r  removed  from  the  place 
where  the  wood  is  felled,  a  circular  piece  of  ground  of  the  dia- 
meter of  the  intended  mound  is  marked  out.  If  the  soil  be  sandy 
and  dry,  this  is  done  by  merely  cutting  around  it  a  shallow  dr^n^ 
for  the  purpose  of  carrying  off  the  rain  water  which  may  fall 
during  the  process  of  carbonisation;  but  should  there  be  any 
reason  for  suspecting  the  diyness  of  the  soil,  the  surface  is  slightly 
raised  by  a  covering  of  shingle,  logs  of  wood,  or  the  smaller 
branches  of  trees.  The  next  operation  is  to  cover  the  surface 
with  the  charcoal'^ust  or  breeze  obtained  from  a  preceding  opera- 
tion, or,  in  default  of  this,  a  strew  of  leaves  is  sometimes  employed. 
A  long  post  or  qtumdel  is  now  driven  into  the  ground  in  the  centre 
of  the  circle,  and  it  should  be  of  such  a  length  that  its  upper 
extremity  may  remam  a  little  above  the  top  of  the  intended 
mound.  Around  this,  the  wood,  which  has  previously  been  cut 
into  proper  lengths,  is  piled,  as  shown  in  fig.  81.  The  greatest 
care  is  taken  to  avoid  large  cavities  between  the  billets  ;  and,  for 

this  reason,  those  situated  im- 
mediately around  the  quandel 
should  be  made  by  splitting 
the  larger  branches;  in  mak- 
ing the  mound  their  thinner 
edges  are  placed  towards  the 
central  post. 

The  more  slantingly  the  bil- 

i  lets  are  placed  against  this  post, 

the  greater  will  be  the  space 

between  them ;  and,  tiierefore, 

^^'  the  more  steeply  th^  can  be 

piled  consistently  with  the  stability  of  the  mass  and  the  retention 

of  the  external  covering,  the  better  will  it  be  for  tiie  subsequent 
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results.    It  is  also  efvident  that,  when  logs  are  piled  horizontally 

in  concentric  circles  radiating  from  the  centre,  considerable  spaces 

most  be  produced  by  the  divergence  of  the  outer  ends  of  the 

hilletB  forming  the  various  rings  ;  and,  therefore,  a  combination 

of  the  two  methods,  as  shown  in  the  figure,  is  frequently  adopted. 

AH  unavoidable  spaces  resulting  fr^m  the  crookedness  of  the 

branches  or  their  radiation  must  be  carefully  filled  up  with  small 

fragments  of  wood ;  and  when  the  surface  has  been  thus  made 

even,  and  the  top  or  cap  has  been  properly  rounded  by  the 

addition  of  refrise  wood,  the  meiler  is  provided  with  its  moveable 

oovering.     This  consists  of  turf,  which  is  placed  on  the  heap  with 

the  grassy  side  inwards,  and  beaten  all  over  with  a  shovel,  to 

make  it  he  closely  on  its  surface.     This  is  again  covered  either 

with  damp  breeze  or  sand,  and  the  whole  pressed  down  for  the 

puipose  of  giving  it  aoHdity.     The  covering  does  not,  however, 

ertend  to  the  foot  of  the  pile,  but  is  supported  at  a  few  ikiches 

from  the  bottom  by  twigs  held  in  their  places  by  forks,  so  as  to 

fixrm  hoops  around  the  lower  part  of  the  meiler.    This  open  part 

at  the  base  of  the  mound  is  for  the  purpose  of  allowing  the  escape 

<^  the  aqueous  vapours  generated  during  the  first  stage  of  the 

operation,  since  no  opening  is  allowed  at  the  upper  part  of  the 

pie,  as  it  would  tend  to  cause  a  draught,  and  consume  a  portion 

of  ^  wood  to  be  charred. 

The  dimensions  of  the  mounds  depend  on  circumstance  inci- 
dent to  the  neighbourhood  in  which  the  charring  takes  place,  but 
should  in  no  case  be  so  considerable  as  not  to  admit  of  a  good 
regulation  of  the  heat.    Heaps  of  only  10  feet  in  diameter  are 
sometimes  met  with,  but  these  are,  generally  speaking,  incon- 
veoientiy  small,  and  mounds  of  from  30  to  40  feet  across  the  base 
ave,  therefore,  more  frequently  preferred,  although  in  some  locali- 
ties meilers  of  even  60  feet  in  diameter  are  occasionally  employed. 
In  arranging  the  billets  around  the  central  stake,  care  is  taken 
to  leave  at  bo^m  a  small  channel  from  it  to  the  exterior  part  of 
^  he^,  and  by  means  of  this  the  fire  is  communicated  to  the 
pOe,  whien  it  is  finished,  and  the  external  covering  has  been  well 
pittsed  do?m.     Sometimes,  instead  of  leaving  this  opening,  the 
qoandel  itself  is  composed  of  three  pieces  of  clefb  wood  so  arranged 
nd  tied  together  with  bands  of  green  branches  as  to  form  a  land 
ofebimney  by  which  the  fire  may  be  communicated ;  and  in  this 
OK  the  horizontal  passages  become  unnecessary. 

When  tiie  mound  is  completed,  and  the  covering  securely  packed 
down,  fire  is  communicated  to  the  centre  of  the  mass  either  by 
throwing  lighted  coals  down  the  vertical  chimney,  or  introducing 
them  by  tiie  horizontal  gallery.  For  the  purpose  of  facilitating 
^  ignition,  the  wood  placed  immediately  around  the  stake  con- 
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sists  of  the  half-bumt  charcoal,  '^charbon  roux,"  resulting  from  a 
preceding  operation,  and  which  is  picked  out  for  that  purpose  as 
being  more  combustible  than  the  ordinary  wood  of  which  the 
other  parts  of  the  meiler  are  composed.  When  the  heap  has 
been  ignited,  the  hole  by  which  the  fire  is  introduced  is  tightly 
closed  with  turf  and  sand,  or  breeze ;  and  the  first  period,  called 
the  sweating,  during  which  the  moisture  is  expelled  firom  the 
wood,  commences. 

At  this  stage  the  greatest  attention  is  necessary  to  prevent  the 
explosion  of  the  heap,  either  fix)m  the  too  rapid  generation  of 
yapour,  or  from  the  ignition  of  a  mixture  of  atmospheric  air  with 
the  inflammable  gases  produced  by  the  dry  distillation  of  wood. 
During  the  whole  of  the  sweating  process,  large  quantities  of 
yeUowish-gray  smoke  escape,  particularly  firom  the  uncovered  space 
at  the  base  of  the  mound,  and  the  interior  of  the  covering  becomes 
moist  fi*om  the  condensation  of  a  portion  of  the  aqueous  vapour 
expelled  firom  the  wood  by  the  action  of  heat.  When  the  colour 
of  the  smoke  issuing  fi:om  the  mound  has  been  observed  to  change 
to  a  light  grey,  without  any  remains  of  the  yellow  tint  before- 
mentioned,  the  burner  hastens  to  close  the  open  space  at  the  base 
and  the  charring  period  commences. 

The  covering  of  the  meiler  now  requires  to  be  thoroughly 
repaired,  as  the  dry  wood  in  the  vicinity  of  the  quandel  will  have 
become  partially  consumed,  and  have  caused  a  sinking  of  the  top 
or  cap  of  the  heap.  The  upper  part  of  the  covering  is,  therefore, 
rapidly  removed,  the  charred  wood  forced  down  by  means  of  a 
long  pole  into  a  compact  mass,  and  the  cavity  thus  made  imme- 
diately filled  up  with  firesh  logs.  The  covering  is  now,  with  as 
great  expedition  as  possible,  replaced,  and  any  crevices  which  may 
have  occurred  in  it  firom  the  sinking  of  any  part  of  the  mound  are 
stopped  without  delay,  as  they  would  otherwise,  by  admitting 
atmospheric  air,  cause  the  combustion  of  a  part  of  the  wood.  The 
meiler  is  now  lefb  to  itself  for  several  days,  except  that  small  holes 
are  firom  time  to  time  made  in  that  portion  of  the  covering  which 
is  nearest  the  ground.  This  is  done  both  for  the  purpose  of 
allowing  the  escape  of  the  tarry  vapours,  and  also  to  admit  the 
requisite  amount  of  air,  although  the  porosity  of  the  covering  of 
turf  and  breeze  constantly  aids  in  producing  these  results. 

The  dimensions  of  the  heap  have  at  this  stage  become  con- 
siderably reduced,  and  care  must  be  taken  to  observe  whether  it 
has  equally  diminished  in  all  its  parts,  or  whether  some  parts  of 
its  surface  have  sunk,  whilst  others  are  in  their  original  condition, 
and  thereby  give  an  irregularity  of  outline  to  the  meiler. 

If  such  be  the  case,  the  charring  has  been  badly  conducted. 
This  may  to  a  certain  degree  be  obviated,  either  by  covering  the 
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nnken  and  more  perfedlj  carbonised  parts  with  an  additional 
kyer  of  bsrt,  or,  by  means  of  an  aperture  made  in  the  raised 
poiiaoDs,  the  draught  may  be  increased  in  that  direction. 

Towards  the  end  of  me  process,  and  when  the  wood  in  the 
interior  of  the  monnd  has  become  perfectly  carbonised,  it  will  be 
foimd  necessary  to  adopt  means  to  effect  the  charring  of  those 
portioDs  which  are  in  immediate  contact  with  the  moveable 
CQfrering. 

In  this  direction  the  wood  is  so  cooled  by  radiation  and  by  the 
eoDdeuBation  of  aqueous  vapotu^  which  issue  from  it,  as  to  escape 
cnbomfiation;  and  the  workmen,  therefore,  accelerate  the  draught 
in  this  part  of  the  heap  by  making  a  second  series  of  holes  in  the 
oorering,  above  those  which  have  been  before  described,  but  at  a 
grater  distance  from  each  other.  These  are  allowed  to  remain 
open  until  the  smoke  that  issues  from  them  is  seen  by  its  colour 
to  be  free  from  watery  vapour;  and,  when  this  period  has  arrived, 
tiiej  are  dosed,  in  order  io  give  place  to  others  which  are  made 
at  %  abort  distance  below  them.  Holes  are  never  made  for  this 
porpoK  in  the  higher  part  or  crown  of  the  pile,  as  the  draught  is 
aatonDy  in  that  direction;  but  in  very  large  mounds,  three,  or 
crenfcMur,  succesdve  series  of  openings  are  not  unfrequently  made 
at  different  heights  above  the  surface  of  the  ground. 

The  time  necessary  for  the  operation  chiefly  depends  on  the 
Bae  of  the  meiler.  Small  mounds  are  generally  carbonised  in  from 
Bx  to  fourteen  days ;  but  if  the  diameter  of  the  heap  be  more  than 
thirfy  feet,  at  least  a  month  is  required  for  its  completion. 

If  at  the  termination  of  the  process  the  covering  were  removed, 
aad  the  heap  broken  up  whilst  still  hot,  the  access  of  atmospheric 
air  voold  cause  the  charcoal  to  ignite,  and  the  whole  would  be 
VKmaoed.  If,  on  the  contrary,  the  covering  were  allowed  to 
lemam  undisturbed  until  the  mass  had  cooled  down,  so  as  to 
ttbit  of  its  being  removed  without  danger,  much  time  would  be 
^^a^j  lost;  and  the  charcoal  is  therefore  withdrawn  in  small 
laaniitieB,  and  with  suitable  precautions.  In  order  to  do  this, 
^burner  lays  bare  a  space  of  two  or  three  feet  at  the  bottom 
tf  the  mound,  and,  with  an  iron  crook  fitted  to  a  wooden  handle, 
vithdnwB,  one  by  one,  the  logs  of  charcoal.  These,  which  are 
nd  hot  when  drawn  out,  are  either  extinguished  with  water  or 
Wbei]^  buried  in  damp  bree2se;  and  as  soon  as  the  air  begins  to 
^  too  strong^  on  the  exposed  part  of  the  heap,  the  openix^  is 
doaed,  and  another  made  m  a  different  part  of  the  mound.  This 
^f^ation,  which  is  repeated  until  the  whole  has  been  removed 
*^  extingiuBhed,  is  best  performed  at  night,  since  the  slightest 
9^  is  thien  visible,  and  the  chance  of  loss  from  the  subs^uent 
VBtion  of  the  charcoal  is  thereby  reduced. 

1 
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In  some  parts  of  the  Continent,  another  arrangement  is  em- 
ployed for  the  preparation  of  charcoal.  This  process  is  known 
b^  the  name  of  carbonisation  in  heaps  or  piles,  and  is  said  to 
yield  charcoal  of  a  better  quality  than  that  obtained  firom  i^ 
ordinary  meiler  operation.  For  this  purpose  the  logs  are  laid 
together  in  the  form  of  a  narrow  wedge,  as  shown  in  fig.  82,  of 
which  the  breadth  is  regulated  by  the  length  of  the  logs;  its 
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length  varies  from  20  to  SO  feet.  The  thick  end,  which  k  far- 
thest from  that  at  which  the  fire  is  communicated,  is  from  seTen 
to  nine  feet  in  height,  whilst  the  thin  end  is  only  about  two  feet 
above  the  level  of  the  soil.  In  the  erection  of  a  heap  of  this  kind, 
the  burner  commences  by  driving  stakes,  a,  aU  round  the  parallel- 
ogram in  which  the  logs  are  to  be  placed.  These  posts  must 
project  firom  the  surface  so  as  to  be  of  the  same  height  as  the 
pile  is  intended  to  be  at  the  point  at  which  they  are  driven;  and 
their  outline,  therefore,  in  every  respect  corresponds  with  Hie 
form  of  the  pile  itself. 

These  stakes  are  so  placed  as  to  leave  a  small  space  all  romid 
the  wedge-shaped  heap  of  logs  which  are  piled  within  the  endosore. 
The  bUlets  used  are  usually  seven  feet  in  length;  and,  thereforey 
in  order  to  allow  a  space  of  six  inches  between  their  ends  and 
the  sides  of  the  enclosure,  the  latter  is  made  eight  feet  in  width. 
The  opening  thus  left  between  the  ends  of  the  wood  and  stakes 
is  for  the  purpose  of  receiving  the  covering,  which,  on  acconnt  of 
the  perpendicular  sides,  could  not  otherwise  be  kept  in  its  phice, 

Boaids  or  pieces  of  deft  wood  are  now  applied  against  the  iTianift 
of  the  posts,  and  wet  charcoal  powder  or  breeze  is  stamped  down 
between  them  and  the  logs  until  the  interval  is  entirely  filled  up. 
When  this  is  done,  the  roof  receives  a  triple  covering  of  t^ngs, 
leaves,  and,  lastly,  charcoal  powder,  which  is  moistened  with  ^ivater 
and  well  beaten  down.  In  each  of  the  long  sides  of  the  heap  a 
series  of  holes  is  made  in  the  boarding,  but  these  do  not  penetrate 
through  the  charcoal  coating;  and  in  tiie  lower  end  a  larger  one,  h. 
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»  left  for  the  purpose  of  igniting  the  logs,  which  is  effected  by 
fint  filling  the  ^rture  with  shavings  or  dry  wood,  and  then 
throwing  some  red-hot  coals  between  the  front  posts  and  the  pile 
of  wood. 

When  the  fire  has  &irly  taken  hold  of  the  wood  the  aperinire  is 
dosed,  and  other  holes,  of  about  three  or  four  inches  in  diameter, 
are  made  at  a  height  of  about  fifteen  inches  from  the  ground,  in 
tiie  same  end  of  the  heap.  As  soon  as  the  smoke  issuing  from 
these  assumes  a  dear  blue  colour,  they  are  stopped,  and  others 
made  higher  up  in  the  pUe,  which  are  in  their  turn  closed  as 
soon  as  the  fire  has  sufficiently  advanced  towards  them.  By  this 
anangement  the  wood  in  the  front  of  the  pile  is  undergoing  the 
chairing  process,  whilst  that  placed  behind  is  merely  losing  its 
Tols^e  ingredients.  When  the  operation  is  drawing  to  a  close,  it 
IS  found  necessary  to  open  a  series  of  holes  in  the  sides  of  the  heap 
just  above  the  level  of  the  soil,  as  by  this  means  the  charring  of 
the  lower  logs  which  constitute  the  bottom  of  the  pile  is  effected. 
These,  from  their  proximity  to  the  ground,  and  the  dampness 
dBpoaited  by  the  sweating  of  the  wood,  would  otherwise  remain 
as  imperfectly  charred  Imlets;  and,  therefore,  to  prevent  this,  a 
aeries  of  holes  is  (when  the  heap  is  first  constructed)  cut  in  the 
phnking  forming  the  sides.  During  the  early  part  of  the  operar 
tion  these  are  closed  by  the  breeze,  which  is  dosely  packed  be- 
tareen  the  boarding  and  the  wood  to  be  charred;  but  when  the 
fire  is  required  to  descend  to  the  bottom  of  the  heap,  the  draught 
is  made  to  pass  in  that  direction  by  removing  the  damp  charcoal- 
dost  from  the  apertures  left  in  the  planking.  As  soon  as  the  logs 
in  the  fifont  of  the  pile  have  become  perfectly  charred  they  are 
nmoved,  and,  being  thus  withdrawn  from  the  action  of  heat  at 
tiie  moment  the  operation  is  finished,  they  not  only  yield  a 
biger  amomit  of  charcoal,  but  that  produced  is  also  of  better 
qoaJity  than  if  afforded  by  the  ordinary  meiler  process. 

In  the  foregoing  operations  the  dry  distillation  of  the  greater 
portion  of  the  wood  which  constitutes  the  heap  or  meiler  is  pro- 
^boed  by  the  combustion  of  a  certain  quantity,  which  may  be 
eoBBodered  as  the  friel  necessary  to  produce  the  required  heat. 
la  order  to  conduct  an  operaiion  with  the  greatest  possible  econ- 
cmy,  care  should  be  taken  that  no  more  air  be  admitted  than  is 
ahsohitely  necessary  for  the  combustion  of  this  amount  of  friel, 
as  any  further  supply  will  cause  a  greater  quantity  to  be  con- 
nmed  than  is  required  for  the  dry  distillation  of  the  mass. 

The  sucoeas  of  these  processes  is  also  much  influenced  by  the 
fiMi  that  the  smoke  and  vapours,  being  evolved  contrary  to  their 
vdbxxral  course,  are  constantly  made  to  take  a  downward  direction, 
wUeh  not  only  affords  the  workman  the  opportunity  of  attentively 
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watching  the  changes  which  are  taking  pkoe,  hnt  also  gives  him 
time  for  taking  the  necessary  steps  to  prevent  the  access  of  too 
large  an  amount  of  air.  Oroinaij  wooa  loses  from  20  to  25  per 
cent,  of  its  bulk  during  the  process  of  charring;  and,  therefore, 
the  dimensions  of  the  charcoal  produced  from  a  ^ven  quantitj 
of  wood  is  much  less  than  that  of  the  original  meiler  bdTore  the 
application  of  fire.  This  diminution  naturally  tends  to  produce 
cavities  between  the  fuel  and  its  covering,  which,  if  actuallj 
formed,  would  become  accessible  to  air,  and  ti^ereby  cause  a  usdess 
consumption  of  wood;  but  in  the  case  of  the  moveable  ooTmngs 
employed  for  this  purpose,  this  inconvenience  can  never  occur,  as, 
in  proportion  as  the  size  of  the  heap  becomes  less,  through  the 
shrinlonff  of  the  wood,  the  covering  will  be  found  to  sink  with  it, 
and  is,  therefore,  mudb  more  effective  in  excluding  air  than  any 
fixed  roofing  which  could  be  substituted  for  it. 

The  loss  arising  from  the  combustion  of  a  portion  of  the 
charcoal  is  also  diminished  by  the  way  in  which  the  charring  is 
conducted.  The  mounds  are  always  first  lighted  in  the  mi<U]e; 
and,  therefore,  the  central  portion  of  the  hei^  will  be  oompleteLy 
charred  before  those  parts  which  are  in  immediate  contact  with 
the  covering  have  be^me  much  affected  by  the  heat.  In  this 
way,  the  charcoal  which  has  arrived  at  the  last  stage  will,  by  the 
heat  which  it  evolves,  cause  the  dry  distillation  of  the  wood  im- 
mediately around  it,  which,  from  the  combustible  gases  evolved, 
and  the  burning  of  a  portion  of  the  wood  in  its  vicinity,  protects, 
by  a  zone  greedj  for  oxygen,  the  portion  already  completely 
charred  firom  the  further  action  of  air. 

These  methods  have,  however,  the  disadvantage  of  allowing  tiie 
volatile  constituents  of  the  wood  to  escape,  and  these  are  moiear 
less  valuable  according  to  the  locality  in  which  they  are  produced. 
Various  plans  have  been  proposed  to  prevent  this  loss.  For  tiiia 
purpose  it  has  been  suggested  that  the  covering  of  the  mdler 
should  consist  of  hurdles  covered  with  day,  into  which  pipes  lor 
carrying  off  the  volatile  products  could  be  placed:  others  hatve 
proposed  that,  instead  of  coverinfi^  the  heap  with  breeze  or  sand« 
slaked  lime  ^ould  be  employe^  so  as  to  combine  with,  and 
.  thereby  fix,  the  acetic  acid  produced.  Both  these  plans  have, 
however,  been  found  to  fiul  in  practice,  as  the  first  destroys  the 
flexibility  of  the  covering,  and  the  second  is  said  to  retain  but  a 
small  portion  of  the  acid  produced. 

If  the  method  of  carbonisation  in  long  masses  or  piles  be  re- 
sorted to,  instead  of  the  meilers  more  usually  employed,  the 
gaseous  and  liquid  products  of  distillation  may  be  collected  by  an 
iron  pipe  placed  in  the  highest  end  of  the  heap,  which,  beizig 
connected  with  a  worm-tub  filled  with  water,  will  discharge  the 
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eondfflued  prodacte  in  the  liquid  fonn.  In  cases  where  the  site 
of  the  mefler  cao,  without  much  inconvenience,  from  the  facility 
of  carriage  afforded  bj  sledges  or  a  idtream  of  water,  remain  sta- 
tionaiy,  the  hei^  may  be  placed  in  a  funnel-shaped  pit,  lined  with 
day,  which,  having  at  its  lower  part  an  inclined  channel,  either 
of  iron  or  daj,  will  convey  a  portion  of  the  im]>ure  acid  and  tarry 
mattew  into  a  reservoir,  where  they  gradually  aceumukt*^. 

ciwrtAff  iB  FviiAe«>.^.Wheii  the  collection  of  the  volatile 
wostituents  of  wood,  is  considered  a  matter  of  much  importance, 
the  charring  is  usually  conducted  in  fijced  furnaces,  from  which 
tiwf?  may  be  oonvejed  by  proper  appliances  into  receivers  adapted 
wr  that  purpose.  These  furnaces  arc  of  two  kinds.  In  the  first 
the  carkmidation  is  effected,  as  in  the  case  of  the  common  meilcr. 
It  tke- expense  of  a  portion  of  the  wood,  which  is  consumed  in 
orfer  to  produce  the  amount  of  heat  neeesaaiy  for  the  distillation 
lad  chanin^  of  the  remainder.  In  the  second  variety,  the  heat 
Becegsary  for  the  dry  distillation  of  the  wood  is  not  obtained  by 
tlie  combustion  of  any  part  of  the  charge  of  the  fumacej  but  is 
on  tke  coDtrary  raised  by  the  appheation  of  a  certain  amount  of 
M,  wliich  is  entirely  distinct  from  that  from  which  the  chai'coal 
^  to  be  nianufajctured. 


63. 


81. 


f%t.  83  and  Si  represent  a  section  and  plan  of  one  of  the 
■tty  furnaces  belongings  to  the  first  class.  In  this  arrangement 
Ml  ur  has  acc^s  into  the  furnace  through  the  bars,  a.  It  is 
p'My  filled  by  the  door,  ft,  and  when  the  charge  has  been  raised 
to  this  level,  the  remainder  of  the  wood  m  introduced  tlirough  the 
ipefture,  e^  which  is  left  for  that  purpose  in  the  crown  of  the 
^f^'  When  the  charging  is  completed ,  the  openings,  6  and  c, 
iiB  closed  by  iron  doors,  againfit  which  earth  is  tltrowu  for  the 
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purpose  of  ezdading  the  air.  The  wood  is  now  ignited,  bf 
lrin<11ing  a  small  fire  in  the  ash-pit,  immediately  beneath  the  bars; 
and  when  it  has  become  fasAj  alight,  the  drai^ht  is  regulated  bj 
the  sliding  door,  dy  which  admits  of  being  opened  or  shut  A 
pleasure. 

As  soon  as  the  sides  of  the  furnace  have  attained  a  sufficieni 
heat  to  complete  the  operaiion,  the  door,  d,  is  completely  dosed, 
and  the  furnace  lefb  to  itself,  until  the  whole  oi  the  wood  which 
it  contains  is  converted  into  charcoal.  The  volatile  ingredienti 
escape  through  the  aperture,  e,  and  are  more  or  less  completely 
condensed  by  passing  through  a  series  of  tubes  surrounded  \rf 
water. 

The  grate  at  the  bottom  of  these  furnaces,  instead  of  being 
made  of  bars  of  iron,  is  firequently  a  kind  of  trellis  formed  ia 
brick-work  or  perforated  tiles,  and  when  the  apertures  in  these 
are  very  small,  the  firing  of  the  charge  is  effected  through  the 
door,  6.  When  the  operation  is  terminated,  all  the  apertures  by 
which  air  could  be  admitted  are  completely  closed,  and  the  furnace 
is  allowed  to  cool ;  the  charcoal  being  withdrawn  by  the  door,  b. 

Furnaces  of  very  different  construction  are  in  various  places 
employed  for  the  production  of  charcoal,  according  to  this  prin- 
dple.  Some  of  these  are  made  quadrangular,  and  very  nearly 
resemble  in  form  the  boarded  piles  before  described.  Two  open- 
ings in  the  lower  end,  to  which  doors  are  adapted,  serve  for 
charging  the  wood,  and  withdrawing  the  charcoal  when  made, 
whilst  the  requisite  supply  of  air  is  obtained  through  apertures 
perforated  in  the  walls.  The  first  row  of  holes  is  made  on  the 
same  level  as  the  ground  on  w^iich  the  furnace  stands;  the 
second  at  eighteen  inches  from  the  floor ;  and  the  third  at  a  dis- 
tance of  three  feet  from  the  first. 

When  the  wood  is  placed  in  the  frunace,  a  channel  is  con- 
structed in  the  direction  of  its  longer  asis,  which  corresponds 
with  one  of  the  openings  of  the  lower  end  of  the  building.     By 
this  opening  the  fire  is  communicated  to  the  charge,  and  as  eoon 
as  ignition  of  the  mass  has  taken  place,  the  door  by  which  it  -was 
lighted  is  hermetically  closed.     As  the  process  proceeds,  the 
apertures  are  successively  closed  by  plugs  of  clay,  and  when  the 
operation  is  completed,  the  whole  of  the  surface  of  the  frumace  is 
covered  with  that  substance.    The  gaseous  and  other  volaidle 
ingredients  escape  from  the  furnace  through  a  pipe  placed  in  the 
higher  end  for  that  purpose,  and  when  the  chaige  has  become 
completely  charred,  it  is  allowed  to  remain  untouched  until  it 
has  grown  quite  cold.    In  very  large  ovens  of  this  description, 
the  cooling  often  occupies  from  two  to  three  weeks;  since,  if 
they  were  opened  before  being  reduced  to  a  proper  temperatuxB, 
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the  air,  on  coming  in  contact  with  the  red-hot  charcoal,  wonld 
csQBe  the  greater  part  of  it  to  be  consumed. 

Fnmaoes  of  the  second  kind,  i.  e,  where  Utie  heat  necessary  for 
charring  the  charge  is  applied  from  without,  are  chiefly  employed 
where  the  Charcot  produced  is  considered  to  be  of  less  yalue  than 
the  tar  and  other  voktile  ingredients,  and  they  are  therefore  never 
used  by  the  metallurgist  for  the  preparation  of  the  fuel  he  may 
require.    The  coniferous  woods  are  found  to  yield  the  largest 
amount  of  tar,  and  are  consequently  those  which  are  most 
frequently  subjected  to  this  kind  of  ^tillation.     The  arrange- 
ments by  which  both  the  tar  and  charcoal  may  be  made  available 
axe  eziranely  yarious,  but  one  of  those  best  adapted  for  the  pur- 
poee  consists  of  an  iron  cylinder,  so  set  in  brick-work  that  the 
flame  and  strongly  heated  air  escaping  from  a  fire  placed  below, 
may  cncolate  freely  around  it.    The  wood  to  be  charred  is  placed 
in  the  cylinder  through  an  opening  which  may  be  closed  hermeti- 
eally.    This  is  done  by  a  luted  door,  and  the  yiu)ours  arising 
from  the  distillation  are  conveyed  by  an  iron  pipe  mto  a  worm- 
tub,  where  those  capable  of  assuming  the  liquid  form  are  condensed. 
When  the  woodin  the  retort  ceases  to  g^ve  off  tarry  matter,  the 
luted  door  is  removed,  and  the  charcoal  withdrawn  by  long  rakes. 
On  being  withdrawn  from  the  retort,  it  is  placed  in  sheet-iron 
cases,  wMch  being  furnished  with  close-fitting  covers,  prevent  the 
combostion  of  the  red-hot  charcoal ;  and  in  these  it  is  allowed 
to  GocL    By  a  more  recent  improvement  in  the  construction  of 
retorts  of  this  description,  the  uncondensed  gases  issuing  from 
the  wood  in  process  of  charring  are  made  to  afford  the  amount 
^  heat  necessary  for  carrying  on  the  operation.    This  is  done 
by  conducting  the  vapours  which  have  escaped  condensation  by 
paasmg  through  the  worm-tubs,  under  the  bottom  of  the  vessel, 
m  which  the  wood  is  heated.    When  in  this  arrangement,  by  a 
fire  placed  under  the  retort,  it  has  been  raised  to  a  certain  t^- 
peiature,  and  considerable  quantities  of  combustible  gases  are 
eroded,  they  become  ignited  on  coming  in  contact  with  the  flame 
iaoing  from  the  grate,  and  thus  afford  sufficient  heat  for  cariying 
on  the  operation. 

The  average  quantity  of  charcoal  produced  by  the  meCer  process 
from  ordinary  wood,  amounts  to  about  22  per  cent.  When  the 
ifatiDation  is  carried  on  in  dose  frimaces,  this  quantity  is  fre- 
qoenUy  increased  to  27  per  cent. ;  but  as  about  6  per  cent,  is 
leqnired  for  heating  the  frimace,  this  method  in  reality  affords 
remits  very  little  superior  to  those  obtained  from  the  common 
catttooal  mound. 

Mr.  Mushet,  who  has  made  a  series  of  experiments  on  the 
aaoant  of  charcoal  yielded  by  different  kinds  of  wood,  obtained 
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the  annexed  resultB.  This  investigation  was  conducted  on  a  small 
scale,  and  the  woods,  before  being  charred,  were  thoroughly  dried, 
and  pieces  of  each  sort  selected  as  nearly  alike  in  every  respect  as 
possible.  One  hundred  parts  of  each  kind  ware  employed,  and 
yielded  the  numbers  here  given. 

Lignum  YitflB  afforded  26-0  of  charcoal,  of  a  gr^ish  coloar, 
resembling  coke. 

Mahogany  afforded  25*4  of  charcoal,  tinged  with  brown,  spongy 
and  porous. 

Laburnum  afforded  24-5  of  charcoal,  velvet  black,  compact,  vexy 
hard. 

Chesnut  afforded  28-2  of  charcoal,  glossy  black,  compact,  finn. 

Oak  afforded  22*6  of  charcoal,  black,  dose,  very  firm. 

Walnut  afforded  20*6  of  charcoal,  dull  black,  dose,  firm. 

HoUv  afforded  19*9  of  charcoal,  dull  black,  loose,  and  bulky. 

Beedi  afforded  19*9  of  charcoal,  dull  Uack,  spongy,  firm. 

Sycamoie  afforded  19*7  of  charcoal,  fine  black,  bulky,  mode- 
ratdy  firm. 

Ehn  afforded  19*5  of  charcoal,  fine  black,  moderately  firm. 

Norway  Pine  afforded  19*2  of  charcoal,  shining  Uack,  bulky, 
very  sofb. 

Sallow  afforded  18*4  of  charcoal,  velvet  black,  bulky,  looee^ 
and  soft. 

Ash  afforded  17*9  of  charcoal,  shining  blade,  spongy,  firm. 

Birch  afforded  17*4  of  charcoal,  vdvet  blade,  bulky,  firm. 

Scottish  Pine  afforded  16*4  of  charcoal,  tinged  with  brown, 
moderatdy  firm. 

Messrs.  AUen  and  Pepys  obtained  from  100  paris  of  the  follow^ 
ing  woods,  the  quantities  of  charcoal  as  under — 


Birch     .    .    . 

.    1600 

Oak  .    .    . 

.    .    17-40 

Mahogany  .    . 
Lignum  Yite  . 

.    15-75 
.    17-26 

Fir    .    .    . 
Box  .    .    . 

.    .     18-17 
.    .    20-25 

The  results  are  generally  less  than  those  obtained  by  Mushet, 
who  either  operated  at  too  low  a  temperature,  or  did  not  allow 
sufiident  time  for  the  escape  of  the  volatile  products. 

The  specific  gravity  of  charcoal  varies  with  the  nature  of  the 
wood  from  which  it  has  been  manufactured,  the  dens^  varietiea 
usually  affording  the  heaviest  charcoal,  and  vice  versA,  Hezisdy 
who  has  made  me  most  careful  experiments  on  this  subject,  gives 
the  following  specific  gravities  for  Afferent  kinds  of  wood-charcoal. 
Alder,  0-184;  Birch,  0-203  ;  White  Beech,  0*183;  Oak,  0*155; 
Bed  Beech,  0*187,  and  Bed  Larch,  0-176.  Knapp,  who  made  his 
experiments  on  a  large  scale,  found  the  following  numbers  as  th<» 
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weiglit  of  a  caHc  foot  of  various  kinds  of  wood-charooal,  inter- 
itioeB  indnded: — Beech-wood  charcoal  (split  wood)  8  to  9  lbs.; 
chsrcoal  from  split  oak  wood,  7  to  8  lbs.;  pine  wood,  6-6  to  7  lbs.; 
of  the  softer  kinds  of  wood,  4*5  to  5*5  lbs. 

The  charcoal  obtained  from  wood  bj  the  methods  aboTe  de- 
■eribed  is  not  pure  carbon,  as,  on  being  strongly  heated,  about  7 
par  cent,  of  Yoiatile  matter  may  still  iS  driven  oflPl 

Charooal  has  also  the  property  of  absorbing  considerable 
wntsties  of  water  from  exposure  to  the  air.  Messrs.  Allen  and 
repj%  found  that  by  a  week's  exposure  to  a  moist  atmosphere, 
the  charcoal  of 


Ligmnn  Yits  gained  ia  weight 

9-6  per  cent 

Fir 

.    130      « 

Box 

.    140      « 

Beech 

.    16-3      " 

Oak 

.    16-5      « 

Mahogany 180      " 

Bendes  this  facility  for  uniting  with  aqueous  vapour,  charcoal 
poneflses  the  property  of  absorbing  a  greater  or  less  amount  of 
the  Tarioofl  gases.  The  following  tabib  by  Saussure,  shows  the 
samber  of  vobimes  of  different  gases  absorbed  in  24  hours  by  one 
▼ohime  of  charooal.  In  these  experiments  each  piece  was  heated 
•fresh  to  a  red  heat,  and  allowed  to  cool  under  mercury.  When 
ti^  from  under  the  mercuiy,  it  was  at  once  plunged  into  the 
^^■el  of  gas  to  be  experimented  on. 


Ammoiuacal  gas 
Hydrochloric  acid  gas 
Scdphurous  acid  gas    . 
Su^huretted  hydrogen 
Nibt>us  oxide 
Carbonic  acid  ffas 
Bicarburetted  hydrogen 
Carbonic  oxide  . 
Oxygen 

Ivitrogen  • 

Carboretted  hydrogen 
Hydrogen 


90 
85 
65 
55 
40 
85 

3500 
9-42 
9-25 
7-60 
600 
1-75 

iB««x. — ^The  object  sought  in  the 
ttovenion  of  wood  into  charcoal,  is  to  obtain  a  larger  amount  of 
oosabostihle  matter  in  a  given  volume  of  the  fuel  produced.  One 
mhw  foot  of  beech  wood  weighs  20  lbs.,  and,  after  deducting  its 
oiygen  aasd  hydrogen,  affords  9  lbs.  of  combustible  matter:  a  cubic 
m  of  beech  charcoal,  which  consists  almost  wholly  of  combustible 
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matter,  weighs  12  lbs.,  and  it  is  therefore  evident  that  a  given 
volume  of  charcoal  will  possess  a  heating  power  superior  to  thai 
of  the  wood  from  which  it  is  made,  in  the  proportion  of  4  to  3. 
It  does  not,  however,  follow  from  this  circumstanoe,  that,  to 
obtain  the  largest  possible  amount  of  combustible  matter  in  a 
given  space,  the  carbonisation  should  be  carried  to  its  fullest  ex- 
tent. Berthier  was  the  first  to  call  attention  to  this  point,  and 
Sauvage,  who  fully  investigated  the  subject,  has  proved  beyond  a 
doubt  that  the  cSharring  process,  if  curried  too  far,  is  attended 
with  decided  loss.  In  his  experiments,  5  equal  parts  of  air-dried 
wood  were  successively  charred  in  the  same  furnace,  and  in  eadi 
experiment  the  carbonisation  was  arrested  at  a  different  interval, 
for  the  purpose  of  examining  the  products  obtained,  both  with 
regard  to  their  state  of  carbonisation,  and  also  their  loss  of 
weight  and  bulk. 

fVom  this  examination  he  ascertained  that  if  one  cubic  foot  of 
wood  contains  an  amount  of  combustible  matter  represented  by 
908.^— 

cubic  foot  charred  during  3  hours  will  contain  883'  parts. 

«  4  "  904-    « 

«  6  «  1133-     « 

6\  «  1091-     « 

"  e\  "  1136-     « 

Mound  charcoal  «  1069-    "^ 

On  inspecting  the  table,  it  is  evident  that  the  weight  of  com- 
bustible matter  contained  in  a  given  quantity  of  faeL  is  not  in- 
creased after  the  fifth  hour,  and  that,  if  the  charring  be  prolonged 
much  beyond  that  time,  a  considerable  loss  is  sustained.  It  con- 
sequently follows  that  the  process  may  be  advantageously  arrested 
before  the  wood  becomes  thoroughly  converted  into  charcoal,  and 
that  the  point  should  be  sought  at  which  it  contains  its  maxinuim 
amount  of  combustible  matter.  In  France  and  Belgium,  this 
dried  wood,  or  charbon  roux,  is  extensively  employed,  and  is  pre- 
pared by  a  kind  of  mound  carbonisation,  but  in  which  a  somewhat 
different  principle  is  employed.  The  heap  in  which  the  wood  is 
placed  is  a  lengthened  pile,  covered  with  earth,  erected  over  a 
kind  of  channel  passing  through  its  axis.  This  is  covered  with 
iron  plates,  and  at  its  outer  ex^mity  a  fire  is  placed,  the  heated 
air  of  which  is,  by  means  of  a  ventilator,  made  to  pass  up  the 
channel,  and  from  thence,  through  a  longitudinal  slot  in  the  iraii 
plate,  which  covers  it,  into  the  heap  itself. 

The  charring  of  the  mound  is  regulated  by  its  outer  covering-^ 
so  that  when  it  is  desired  to  elevate  the  temperature  in  any 


FIAT  OHASCOAL.  155 

pirtiealar  locaUly,  the  earth  is  remoyed  from  the  part,  and 
the  draught  thus  allowed  to  pass  in  that  direction,  if,  on  the 
eontraiy,  the  carhonisation  is  round  to  proceed  too  rapidly  in  any 
pui  of  tiie  mound,  the  ooYerinff  is  thickened  by  the  addition  of 
more  earth,  and  the  action  of  the  fire  thus  deadened.  It  is 
erident  that  this  process  is  regulated  by  the  same  means,  and 
governed  by  the  same  principles,  as  the  ordinary  meiler  carbonis- 
ation; but  great  experience  is  required  on  the  part  of  the 
voikmen,  in  order  to  obtam  the  largest  and  at  the  same  time 
the  most  uniform  results.  The  adoption  of  charbon  roux,  in- 
stead of  charcoal,  effects  a  considerable  saving  of  wood,  and  is  on 
that  account  frequently  advantageous;  but  it  is  found  in  practice 
extremely  difficult  to  obtain  it  of  a  perfectly  nniform  quality,  and 
as  on  this  point  its  equality  of  action  entirely  depends,  the  work- 
ing of  the  furnaces  where  it  is  employed  is  liable  to  become 
frequently  deranged. 

The  worianen  who  attend  a  furnace  can  have  no  guide  in 
making  up  their  charges  if  the  quality  of  the  fhel  is  continually 
changing,  and  consequently  the  mannfEKsture  of  charbon  roux 
nqmres  to  be  conducted  with  much  greater  care  than  is  necessary 
m  making  ordinary  charcoal,  as  in  the  one  case  the  problem 
lOQgfat  is  the  complete  carbonisation  of  the  wood  at  the  smallest 
poBoble  sacrifice  of  fuel,  whilst  in  the  other  the  charring  should 
be  anrested  as  soon  as  the]^fuel  has  attained  its  maximum  calorific 
▼alne;  and  as  nothing  but  care  and  experience  can  ensure  this, 
the  process  becomes  one  of  considerable  difficulty. 

FM  ckmnmmi,  «r  Pmt  c«k«»— The  charcoal  obtained  teom 

CIS,  as  far  as  its  heating  power  is  concerned,  a  valuable  fuel, 
it  18  nevertheless  subject;  to  disadvantages  which  prevent  its 
application  to  ordinary  purposes.  In  the  first  place  this  substance 
g<menilly  contains  from  10  to  21  per  cent,  of  ash,  and  yields  from 
21  to  do  per  cent,  of  charcoal,  which  must  therefore  produce  a 
very  krge  proportion  of  ash,  and  is  thus  rendered  entirely  useless 
ia  many  operations  to  which  it  might  otherwise  be  advantageously 
^hed.  If  we  suppose,  for  example,  that  a  variety  of  peat  con- 
maa  10  per  cent,  of  incombustible  matter,  and  only  affords  25 
per  cent,  of  coke,  it  is  evident  that  the  coke  thus  produced  would 
coDtain  no  less  than  40  per  cent,  of  ash,  which  would  render  it 
'nifit  for  many  of  the  purposes  for  which,  if  it  were  more  firee 
from  ash,  it  might  be  employed.  Besides  this,  it  is  found  impos- 
Ale  to  transport  peat  chared  to  any  considerable  distance  from 
tiie  pkoe  where  it  is  pr^ared,  for  bemg  extremely  friable  it  soon 
frOa  to  pieces,  and  is  thereby  rendered  entirely  worthless.  In 
amehing  furnaces,  where  it  has  to  sustain  the  weight  of  the 
cittiges  which  may  be  above  it  in  the  series,  this  charcoal  is  also 
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found  to  cnunble  and  choke  the  blasts  and  it  cm  thep&fore  he 
only  employed  under  steam  boilers  or  in  forge  fires. 

HcOor  PinniM — From  the  dreumstanoe  of  peat  being  cot  in 
the  form  of  rectangular  bricks,  it  admits  of  beang  piled  so  as  to 
leave  but  few  interatices  between  the  blocks;  and  ^m  hwg  hss 
readily  combustible  than  wood,  the  heaps  in  which  it  h  prepared 
require  a  less  perfect  coyering,  and  may  be  built  of  a  ^mAller  i^ise. 
The  mounds  generally  employed  for  making  peat  charcoal  aotisist 
of  from  700  i»  1000  oricks,  which  are  placed  m  heape  of  from  6  to 
7  feet  in  diameter,  and  4  feet  in  height.  After  a  proper  aituatiDD 
has  been  selected  for  the  mound,  a  post  is  firmly  (Hven  in  the 
ground,  and  around  this  the  blocks  of  turf  are  placed  in  oob- 
oentric  rings.  At  the  bottom  of  the  meiler  four  channels  are 
made  of  the  thickness  of  a  brick,  for  the  purpose  of  admitting  air 
into  the  arrangement.  These,  which  are  at  right  atigles  to  each 
other,  commence  at  the  central  stake,  and  terminate  at  the  peri- 
pheiy  of  the  circle  described  by  the  base  of  the  motmd,  and  are 
subsequently  used  for  regulating  the  rapidity  of  the  ^^rbonisaticm. 
When  the  peat  has  been  properly  arranffed,  the  meiler  ia  first 
covered  with  earth  or  chanxMd  dust,  whi<^  is  wdl  packed  down 
to  exclude  the  air.  Some  dry  wood  for  iffniting  the  mass  is  then 
placed  at  the  bottom  of  the  stake,  and  me  fire  is  communicated 
through  one  of  the  chambers  before  described.  By  the  alternate 
opening  and  shutting  of  these,  the  combustion  is  equally  effiscted 
in  all  the  parts  of  the  mound,  and  as  soon  as  flames  begin  to 
appear  from  the  crown  of  the  hei^,  which  for  a  small  space 
around  the  stake  is  left  uncovered,  i^e  opening  is  closed  with 
turf  and  earth,  and  the  completion  of  the  charring  is  then  aoocMn- 
plished  by  means  of  holes  made  all  round  in  the  covering,  which 
commencing  near  the  top  are  brought  down  by  six  indies  at  a 
time  until  they  reach  the  bottom  of  the  hei^.  In  this  prooeas, 
like  that  of  charring  wood,  the  progress  of  the  operation  is 
known  from  the  colour  of  the  smoke  evolved.  Knapp  states  the 
produce  in  charcoal  of  the  mounds  examined  by  him  to  have  been 
as  follows: — 

Gave  p.  c.       Gave  p.  c 
in  weight       in  volnme. 
Peat,  not  completely  air-dried   ....    24    ..    27 

Peat,  air-dried 27    .     .    32t 

Peat,  firomPfungstadt,  very  dry  ...  30  ..  29 
Peat,  of  good  (juahty,  quite  dry  .  .  .  35^.  .  49 
From  the  distnct  of  Siegen,  veiy  good  peat  23    .     .    40 

The  peat  is  withdrawn  from  the  mound  after  it  has  bc^m 
allowed  to  cool  down  to  a  proper  temperature,  as  the  use  of  mut:^ 
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inter  for  quenching  it  is  objectionable,  on  acoount  of  the  facility 
with  which  the  resulting  coke  becomes  reduced  to  powder.  The 
imoant  of  charooal  furmshed  by  peat  when  the  experiments  are 
made  on  a  small  scale,  is  usuallj  greater  than  those  above  given, 
IB  ti)ere  is  then  less  loss  sustained  from  the  crumbling  nature  of 
the  parodiiet. 

(teniBg  !■  <N«M«— Although  the  products  obtained  from  car- 
bomBstion  in  furnaces  are  not  greater  than  those  yielded  by  the 
ardinary  meiler  process,  yet  the  supply  of  air  and  the  rapidity  of 
Ataamg  are  more  easily  regulated,  and  consequently  the  operation 
i«  more  cheaplv  executed,  when  ovens  are  employed. 

One  of  the  best  forms  given  to  these  furnaces  is  that  used  at 
tiie  manofactoiy  of  arms,  at  Obemdorf,  in  Wirtemberg,  where  it 
basbeen  oonstantly  used  for  the  last  fifteen  years. 

These  Araoaces,  which  have  the  form  of  an  upright  cylinder  9 
fieet  in  hdght,  are  closed  at  top  by  a  circular  arch,  in  which  an 
ipertnre  is  leift  for  the  convenience  of  charging.  This  cylinder 
i>  5^  fiwt  in  diameter,  and  has  a  fire-brick  liTntig  15  inches  in 
thicxnos.  This  is  surrounded  by  the  same  thinness  of  sand, 
which  is  enclosed  between  the  lining  and  another  15-inch  wall,  so 
that  tiie  entire  thickness  of  the  sand  and  walls  together  is  45 
mehei.  Above  the  floor  of  the  furnace  are  three  tiers  of  air-holes 
made  by  inserting  pieces  of  musket  barrels  in  the  wall,  and  which 
ouj  be  dosed  by  bottle-stoppers  from  the  outside. 

The  door  for  drawing  the  charcoal  is  placed  on  the  level  of  the 
nk,  and  ckee  by  an  iron  slab,  against  wnich  some  sand  is  thrown 
fiv  tiie  purpose  of  excluding  the  air.  On  charging  the  furnace, 
achaimel  is  left  through  ii»  axis  for  the  purpose  of  igniting  its 
conteirtB,  which  is  done  by  throwing  some  lighted  charcoal  down 
titt  t^mDtsj  thus  made.  At  the  commencement  of  the  operation 
both  tiie  chai^ging-hole  and  lower  vent-holes  are  left  open,  but  as 
soon  as  the  peat  becomes  white-hot  the  former  is  shut  by  an  iron 
T^  and  covered  with  sand.  The  lower  air-holes  are  at  the  same 
faaeelosed,  and  those  which  are  placed  next  above  them  opened, 
^^ben  aU  smoke  has  ceased  to  be  given  off,  the  whole  of  the  aper- 
^  nnist  be  dosed,  and  the  furnace  and  its  contents  are  allowed 
^  OQol  together.  The  coking  process  is  usually  completed  in  from 
^Bt^  to  £arty-eight  hours,  but  the  furnace  is  seldom  fit  to  draw 
a  ksB  than  six  or  seven  days  after  closmg  all  the  air-holes.  For 
&  reason  a  series  of  ten  frimaces  are  employed,  in  order  to  allow 
tf  one  being  charged  and  another  drawn  every  day. 

btttead  of  effe^sng  the  coking  of  one  portion  of  the  peat  at  the 
*^««e  of  another  part  which  is  consumed  in  the  same  ftimace  to 
win  the  necessary  elevation  of  temperature,  it  is  sometimes 
•objected  to  diy  distillation  in  a  kind  of  retort  spedaUy  adapted 
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to  that  purpose.    At  Courcy  sur  Ourcq,  near  M^ui,  a  well-<^n- 
stmcted  apparatus  of  this  kind  is  employed.    Fig.  85  is  a  Eet^otiiil 
view  of  this  arrangement;  a  is  the  cylin- 
dtioal  coking  chamber,  the  walk  of  which 
are  heated  by  the  flame  and  hot  air  pa^iing 
through  the  intermediat-e  flue,  b.     T\m 
space  itself  is  divided  by  partitions  of  fiie- 
tiles  into  three  stages,  through  the  ^pe^ 
tures  of  which,  the  hot  air  from  the  fii^,  t, 
ascends  and  heats  the  coking  chamber. 
In  order  to  avoid  loss  of  heat,  a  cylindrical 
hollow  space,  d,  is  left  in  the  outer  wall  of 
the  kiln,  which,  being  constantly  full  <^ 
stagnant  air,  tends  to  prevent  the  coding 
of  the  furnace.    The  peat  is  introduced 
through  the  opening  at^  which,  as  soon 
as  the  charging  is  finished,  is  closed  by 
an  iron  plate,  and  thickly  covered  with 
ashes  or  sand.     The  flue  from  the  fire- 
place opens  above  this  aperture,  and  its 
outlet  is  provided  with  a  moveable  iron  cover,  g,  in  which  there  is 
a  hole  for  the  escape  of  the  gases.    The  sole  of  the  kiln  consists 
of  an  iron  plate.  A,  which,  being  attached  to  the  iron  rod,  t,  may 
be  withdrawn  or  replaced  at  pleasure.    When  the  carbonisation 
is  completed,  this  plate  is  withdrawn,  and  the  charcoal  allowed  to 
£a]l  into  the  chamber  placed  below.    The  volatile  products  whieh 
are  generated  during  the  process  are  carried  off  by  the  pipe  l^  and 
conducted  into  a  condensing  apparatus. 

The  gases  which  escape  from  this  are  conveyed  by  metallic  pipes 
into  the  fire-place,  c,  and  being  there  consumed,  yield  a  porti^  of 
the  heat  necessary  for  carrying  on  the  operation.  The  products 
of  charcoal  obtained  from  this  fiunace  are  larger  than  those  piio- 
duced  by  the  methods  before  described,  but  firom  the  shock  which 
it  receives  in  fjEdling  firom  the  retort  to  the  chamber  beneath,  it 
firequently  becomes  much  broken,  and  is  thereby  rendered  to  a 
certain  extent  less  valuable  than  if  obtained  in  laiger  masses. 

Cluurrteg  Brown  CoaL — Brown  COal  IB  of  aU  kinds  of  fuel  the 
least  adapted  for  carbonisation ;  for  although  it  is  acted  on  by 
heat  in  the  same  way  as  wood,  and  produces  a  combustible  chaicoal, 
yet  it  is  subject  to  inconveniences  which  render  its  production  from 
this  substance  too  costly  for  general  application.  Lignite,  lilce 
peat,  contains  a  large  proportion  of  ash,  and  this  per-centage  vdll 
necessarily  be  much  greater  in  the  charcoal  produced  than  in  the 
coal  from  which  it  is  made.  This,  from  the  tendency  which  ^^tm 
charcoal  would  have  to  clinker  on  the  fire,  prevents  itis  beings  used 
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fir  manj  purposes  for  which  a  fuel  of  greater  purity  could  be 
employed.  In  addition  to  this,  the  action  of  heat  causes  the 
\sjen  and  concentric  rings  which  are  scarcely  perceptible  in  the 
Sgnite  to  separate  from  each  other,  and  the  chaEXM>al  manufactured 
b  thereby  either  reduced  to  such  small  fragments  as  to  be  of  little 
•enioe  as  foel,  or  is  rendered  so  extremely  friable  as  to  be  unable 
to  bear  carriage  even  to  a  short  distance  from  the  locality  where 
it  IB  produced.  The  carbonisation  of  limite  in  mounds  is,  however, 
earned  on  on  a  small  scale  in  the  neighbourhood  of  Cassel,  but 
the  atoations  where  this  can  be  done  with  advantage  are  &r  from 


The  following  results  were  obtained  by  heating  pieces  of  brown 
coil  in  close  crucibles  until  all  traces  of  their  volatile  constituents 
eeised  to  be  evolved  :* — 

100  Parts  of  Gave  of  chaicoal 

^hy  Coal  from  the  Basses  Alpes      ....  48*5 

Lignite  from  Greece 88'9 

Friesdorf 28*2 

«        Iceland 675 

«        Auszig 401 

Orsb^ 62-8 

Hegendorf 412 

Stbszchen 291 

Putzchen 46*4 

"  "  44*7 

Neundorf      !!.!'..!!  38-4 

Coulang 38-1 

Jahnsdorf 32-8 

•*        Hartenberg 87-2 

"  "  34-6 

Kanden 37-6 

Pitch  Coal  from  Beichneau 38*1 

"  «  29-3 

«        Altsattel 40-3 

Lignite  from  Yerau 85*6 

00S3I. 

The  combustible  residue  which  remains  after  the  volatile  con- 
<titoeDts  of  pit-coeJ  have  been  eliminated  by  the  action  of  heat,  is 
cafled  Coke.  In  making  this  substance,  as  in  the  manufacture  of 
^tteoal,  one  of  the  objects  sought  is  the  production  of  a  friel  which 

1  Knapp*s  Teclmology,  toL  i.  p.  64. 
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sKall  contain  in  a  given  bulk  a  larger  amount  of  eombustibb 
matter  than  exists  in  the  coal  from  which  it  is  obtained. 

Qood  coke  should  also  possess  sufficient  eoUdity  to  enable  it  to 
withstand  the  pressure  of  a  smelting  furnace  without  cniBliing^ 
and  is  of  little  value  unless  obtained  m  largt^  pieces  not  liable  to 
crumble  and  form  dust.  Prom  the  differtnce  observed  in  the 
properties  and  composition  of  coals,  it  is  evident  that  all  cannot 
be  fitted  for  the  manufacture  of  coke,  and  it  is  therefore  necessaiy 
to  select  such  as  yield  that  best  adi^ted  tor  the  puipoeaa  ii 
the  arts. 

Sand  coal,  from  the  friable  nature  of  the  coke  which  it  produces, 
IB  not  adapted  for  this  purpose;  whilst  if  a  too  e^ilj  caking  variety 
be  employed,  it  is  found  to  yield  a  spongy  coke  very  liable  to  crush. 
This  arises  from  the  compression  of  the  celk  which  are  formed  in 
the  softer  coal  by  the  escaping  gases,  and  a  coal  should  tberefaiie 
be  chosen,  which,  although  less  brittle  than  the  sinter  kind,  is  less 
liable  to  melt  on  the  fir^  than  that  commonly  known  by  the  name 
of  caking  coal. 

The  nature  of  the  coke  produced  from  any  particular  variety  of 
coal  is  also  considerably  influenced  by  the  method  of  its  prepara- 
tion,  as  well  as,  in  a  certain  degree,  by  the  natiu-e  and  amount  of 
the  ash  existing  in  the  coal  from  which  it  is  manufactured.  Coke 
which  has  been  made  in  large  quantities  at  a  time  k  usually  better 
than  that  manufactured  on  a  more  limited  scale^  as,  from  the 
weight  of  the  mass  operated  on,  the  product  will  be  more  oompaci 
than  when  smaller  quantities  are  used,  wkibt,  from  the  high 
temperature  obtained,  the  volatile  ingredients  will  be  more  per- 
fectly driven  off.  When  the  ash  contained  in  tlio  coal  is  fusible, 
it  melts  and  forms  a  kind  of  cement  for  the  partielcB  of  eoke, 
which  is  thereby  rendered  more  compact,  and  less  liable  to  be 
crushed  by  pressure. 

From  the  circumstance  of  coal  being  constantly  raised  in  the 
same  localities,  the  manufacture  of  coke  is  uiiually  carried  on  in 
stationary  apparatus,  but  from  its  being  but  ^^ligbtly  inilammable^ 
and  reqmring  a  good  draught  to  effect  the  combLstioiij  its  pmduo 
tion  even  in  the  open  air  becomes  an  easy  opei ration. 

CuboniflMiM  im  ««•»*— The  earliest  method  of  manufacturing 
coke,  and  one  still  employed  in  the  present  day,  is  earbonisation 
in  heaps.  When  this  process  is  resorted  to,  no  external  covering 
of  the  mound  is  used,  and  the  coking,  which  is  at  first  carried  on 
with  free  access  of  air,  is  finally  checked  by  the  application  of  a 
coating  of  breeze  or  earth  when  the  coke  has  already  been  prodncCMl- 
The  coke  meiler  is  always  erected  on  the  same  station,  which  soon 
becomes  covered  with  a  sufficient  amount  of  breeze  for  the  purpoae 
for  which  it  is  used. 
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Instead  of  making  round  heaps  like  the  ordinary  forest  meiler, 
for  the  production  of  charcoal,  a  long  rectangolar  mass  is  gene- 
nJlj  preferred^  as  by  this  means  a  much  laiger  amount  of  ooal 
can  be  operated  on  at  one  time.    The  length  of  these  piles  is  fre- 
qoentiy  from  150  to  200  feet,  and  in  order  to  erect  them,  a  Une 
is  first  stretched  in  the  direction  of  the  axis  of  the  heap  through- 
oat  the  whole  length  of  the  coke  station.    Large  pieces  of  ^>al 
are  now  placed  on  either  side  of  this  string,  so  that  by  coming 
together  at  the  top  they  form  a  kind  of  triangular  gallery,  running 
the  whole  length  of  the  intended  meiler.    &  nuJang  this  centnJ 
ehanuel,  it  is  of  importance  that  the  fragments  diould  be  so 
placed  as  to  be  upright  wii^  relation  to  the  layers  of  deposition, 
whilst  the  fractured  surfaces  must  be  placed  at  right  angles  to  the 
axis  of  the  meiler.   A  second  series  of  blocks  of  coal  is  then  placed 
on  the  firsty  and  these  are  again  covered  with  others  similarly 
iiraiiged,  but  of  gradually  decreasing  size,  until  the  heap  has  at- 
tained a  width  of  six  feet  on  either  side  of  the  central  channel, 
when  the  whole  is  covered  with  a  coating  of  smaller  coal  about 
tvo  feet  in  thickness,  which  is  arranged  without  any  regard  to  its 
stnKtificatioii,  although  care  is  taken  that  the  larger  fragments  be 
placed  on  the  sides  of  the  mound,  the  top  being  covered  with  small 
onst  only.    In  order  to  ignite  the  heap,  stakes  are  driven  at  regu- 
lar intervals  from  the  top  of  the  pile  to  the  central  canal,  and 
thew  being  withdrawn  leave  a  series  of  chimneys  into  which 
bonuDg  coals  are  introduced.    The  fire  is  thus  communicated  to 
tfaemaas  in  so  many  points  at  the  same  time,  that  ignition  soon  be- 
comes generalyand  the  coking  commences  through  its  whole  extent. 
The  person  in  charge  of  the  operation  has  now  to  prevent  the 
actioQ  finom  advancing  too  fiur,  and  as  soon  as  he  observes  that 
Hai^  aaake  and  flame  have  ceased  to  be  evolved  firom  any  parti- 
cokr  part  of  the  mound,  and  also  that  it  begins  to  get  covered 
vi^i  a  coating  of  ash,  he  immediately  prevents  any  frirther  action 
kv  covering  tiie  flame  with  breeze,  which  being  closely  packed 
;  wvn  {nevents  the  entrance  of  air,  and  quickly  deadens  the  fire, 
^isthe  cc^dmg  advances  this  is  repeated  until  the  whole  heap  is 
1  down,  when  it  is  allowed  to  remain  two  or  three  days  to 
ire  being  taken  to  supply  it  with  a  thicker  covering  on  the 
i  which  is  exposed  to  the  vnnd  than  on  that  which  is  opposite. 
\  the  fire  is  nearly  extinguished  the  coke  is  withdrawn  and 
juently  cooled  by  the  use  of  water.    This  method  of  makinff 
,  aMiongh  extremely  simple,  is  fiir  from  being  economical, 
r  inssmudi  as  the  chanii^  commences  on  the  outer  and  upper' 
is  of  the  nunmd,  and  then  gradually  proceeds  towards  the  cen- 
i  and  lower  portions,  it  follows  that  the  surface  of  the  heap  is 
'  befiore  the  central  parts  are  reached,  but  which  must  be 
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fully  charred  before  the  air  can  be  excluded.  The  outside  of  the 
meiler  is  therefore  burning  to  waste  without  the  possibility  of  ita 
being  prevented,  and  the  central  portions  are  but  little  acted  on 
at  the  time  that  the  surfaces  are  being  uselessly  consumed. 

€«fclac  im  siMuida. — ^A  more  economical  method  of  making 
coke  than  the  one  which  has  just  been  described,  is  that  repre- 
sented in  the  annexed  woodcut,  fig.  86.    A  cbitnney  of  about 

three  feet  diame- 
ter at  bottom  is 
looeely built  with 
bricks  on  the  site 
of  the  intended 
meilcT,  B  B.  The 
brick- work  ofthis 
flue  has  anumber 
of  holes,  fr,  made 
by  here  and  there 
leaving  out  a  brick,  and  the  upper  part,  which  is  enclosed  ivith 
soHd  work  for  a  short  distance  near  the  top,  is  provided  with  an 
iron  cover.  Around  this  chimney  the  coals  to  be  coked  are  plaoed 
in  a  slightly  inclined  position;  the  largest  masses  are  piled  nearer 
the  centre  of  the  mound,  and  the  dimensions  of  the  other  pieces 
gradually  reduced  towards  the  outside  of  the  heap.  A  meiler  of 
this  kind  is  generally  about  25  feet  in  diameter,  and  4  or  5  feet 
in  height;  and  when  completed  its  sur&ce  is  covered  with  a  coat- 
ing of  breeze  four  or  five  inches  in  thickness,  which  i^  well  packed 
down  for  the  purpose  of  excluding  the  air.  A  shovel  full  of  burn- 
ing coals  is  now  mtroduced  through  the  perpendicular  chimney. 
which  soon  communicates  with  the  heap  through  the  Tarioos 
apertures,  6,  and  the  mass  gradually  becomes  ignited,  l>eginuiiig 
from  the  bottom  and  centre,  and  from  thence  sprea<iing  in  the 
direction  of  the  covering  of  cinders.  Openings  made  in  the  foot 
of  the  meiler  admit  of  a  certain  quantity  of  air  passing  through 
and  escaping  by  the  chimney.  At  the  expiration  of  four  or  five 
days  the  fire  will  have  reached  the  covering,  which  then  becomes 
red  hot.  The  top  of  the  chimney  is  now  closed  by  an  iron  plate, 
and  the  apertures  at  the  foot  of  the  pile  are  at  the  same  time 
shut  by  a  Httle  coke  dust  tightly  compressed.  After  being  allowed 
to  remain  for  two  or  three  days,  the  coke  will  have  suiHciently 
cooled,  and  may  be  then  drawn  and  quenched  with  water. 

In  some  looaUties  no  covering  is  appHed  to  these  meOers,  and 
when  the  burning  coals  are  thrown  into  the  central  aperture^  the 
combustion  is  carried  on  by  the  air,  which  on  all  sides  enters 
fi'eely  through  the  crevices  occurring  between  the  fra^ients  of 
coal  of  which  the  heap  is  composed.    When  any  part  of  the 
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nunrnd  becomes  coated  with  ash  it  is  iinmediatelj  covered  with 
fareeze  to  protect  it  from  further  action,  and  as  soon  as  the  whole 
sor&ce  is  thus  attacked,  the  iron  plate  is  placed  on  the  top  of  the 
dumnej,  and  the  monnd  allowed  to  cool. 

Bj  tins  method  a  less  per-centage  of  coke  is  produced  than  is 
obtained  from  that  now  to  be  described ;  but  it  has  still  one  ad- 
Tantage  over  the  ordinary  heap— viz.,  that  the  coking  proceeds 
fiom  the  centre  towards  the  circumference,  which  is  not  the  case 
in  the  old  process. 

CAteg  !■  Ormuk— The  foregoing  methods  of  making  coke  are 
gndnallj  becoming  superseded  by  oven  coking,  and  this  more 
particularij  in  those  locaUties  where,  the  price  of  coal  being  high, 
xfe  becomes  a  matter  of  importance  tiiat  as  small  a  portion  as  pos- 
obie  be  lost  during  the  operation.  The  furnaces  used  for  the 
im)daction  of  coke  are  invariably  heated  by  the  combustion  of  a 
portion  of  the  fuel  with  which  they  are  charged,  and  not  at  the 
expense  of  a  distinct  quantity,  specially  consumed  in  a  separate 
fire-plaoe,  for  the  purpose  of  raising  the  temperature  to  the 


,  on  the  contrary,  coal  is  charred  in  order  to  obtun  the 
gaaeoQs  products  of  its  distillation,  and  the  coke  made  is  only 
regarded  as  a  secondary  product  of  the  manufacture,  the  opera- 
tion 18  carried  on  in  close  vessels  heated  by  distinct  fire-places ; 
but  in  this  case  the  coke  produced  is  spongy,  and  consequently 
quite  unfit  for  metallurgical  purposes. 

The  ovens  employed  for  the  manufacture  of  coke  vary  so  much 
in  form  and  dimensions  that  it  would  be  impossible  here  to  give 
ef?en  a  brief  description  of  all  those  which  are  in  general  use;  but 
the  principle  involved  being  the  same  in  all  cases,  it  will  be  suffi- 
cient to  explain  the  construction  and  management  of  some  of 
those  most  frequently  employed.  Fig.  87  represents  a  coke  ^- 
naoe  of  a  very  common  form.  The  cavity  of  the  oven,  which  is 
about  9  feet  in  diameter,  and  3  feet  6  inches  in  height,  is  inter- 
ittlhr  lined  with  fire-bricks,  well  jointed  in  refractory  clay.  The 
£nii  of  the  furnace  closely  resembles  that  of  a  compressed  bee- 
Inre,  and  at  the  top  of  the  dome  is  a  circular  aperture  or  chimney, 
<ii  which  can  be  closed  by  an  iron  plate.  A  slightly  arched  door- 
^j  of  about  2^  feet  square  is  also  left  at  h  for  the  purpose  of 
charging  the  oven  and  withdrawing  the  coke.  This  opening  is 
strengthened  by  a  heavy  cast-iron  framing,  c,  which  is  built  into 
tiie  bnck-work  and  secured  in  its  place  by  iron  girders.  Where 
large  quantities  of  coke  are  manufactured,  these  ovens  are  placed 
hide  to  back  in  double  rows,  with  a  series  of  chaining  doors  on 
eil^  side  of  the  long  mass  of  masonry  which  surrounds  them. 
The  charge  of  each  is  about  three  tons  of  coals,  which  are  thrown 
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into  them  through  the  door,  b,  and  as  this  is  done  immedistdj 
after  the  withdrawal  of  the  former  charge,  and  whilst  the  oven  is 


still  extremely  hot,  the  ooal  soon  hegins  to  give  o£f  large  qnantitieB 
of  inflammahle  gases,  which  escape  through  the  aperture  in  the 
top  of  the  dome.  When  the  charging  is  finished,  the  doorwaj, 
h,  is  closed  hj  fire-bricks  loosely  piled  up,  hut  the  air  has  stOl 
firee  access  into  the  furnace  through  the  openings  left  in  the  stop- 
ping, which  supplying  the  necessary  oxygen  to  the  gases  evolYcn, 
they  soon  igmte,  and  the  temperature  of  the  oven  and  its  con- 
tents is  rapidly  raised.  At  ine  expiration  of  three  hours  the 
lower  holes  in  the  loose  brick  wall  are  dosed,  to  prevent  the  access 
of  too  much  air,  which  still  finds  its  way  through  those  which  are 
above,  and  escapes  by  the  chimney.  In  some  instances,  inateid 
of  closing  the  charge  hole  with  loose  bricks,  an  iron  door  lined 
with  tiles,  and  provided  with  draught  holes,  is  employed.  These 
are  successively  stopped  by  lumps  of  clay,  and  when  it  is  required 
to  exclude  the  air  entirely,  it  is  done  by  applying  a  sheet  of  iron 
against  the  bricks,  and  luidng  the  edges  ynm  day. 

In  twenty-four  hours  after  charging,  the  upper  holes  are  also 
dosed  by  plastering  them  over,  and  the  furnace  is  allowed  to  re- 
main twelve  hours  with  the  chimney  open,  during  which  time  the 
remainder  of  the  gaseous  matter  is  expdled  bv  the  heat,  and  passes 
o£f  in  flame  by  the  opening  in  the  dome.  When  the  flame  eniitted 
from  the  chimney  ceases,  which  usually  occurs  at  the  expiration 
of  another  twdve  hours,  it  is  covered  with  an  iron  plate  made  tight 
by  a  layer  of  sand,  and  the  whole  is  allowed  to  stand  for  twelye 
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more  honis,  for  the  puipoee  of  moderating  the  heat  of  the  furnace 
and  its  contents. 

At  the  expiration  of  forty-eight  hours  from  the  time  of  charg- 
ing, the  oven  will  be  sufficientij  cool  to  admit  of  drawing,  and 
the  door  may  be  now  opened  without  causing  much  loss  by  the 
boming  of  the  coke.  A  large  iron  shovel,  a,  called  a  peiUe,  sus- 
pended by  a  piece  of  chain  to  the  crane,  e,  is  now  thrust  between 
the  oake  and  the  bottom  of  the  oven,  and  as  the  weight  on  the 
blide  will  be  supported  by  the  crane  which  turns  on  its  axes,  a 
Luge  mass  can  be  taken  out  with  but  little  exertion  on  the  part 
of  the  workman.  The  swinging  of  the  small  iron  crane  enables 
the  homer  to  place  the  heated  coke  on  any  part  of  the  paved  floor 
within  the  drole  described  by  its  extreme  end  and  the  point  of 
nspenaion,  and  as  soon  therefore  as  it  is  withdrawn  it  is  strewed 
tirinly  on  the  ground,  and  rapidly  cooled  with  water.  When  it  is 
tins  extinguished  and  has  become  nearly  cold,  it  is  taken  up  in  a 
^ifced  shovel,  y,  and  transported  by  means  of  iron  wheel-barrows 
other  to  the  place  where  it  is  stacked,  or  to  the  Aunace  in  which 
itiseonsmned.  The  grated  shovel  is  used  to  separate  the  breeze 
from  &  huge  coke  as  the  former  Mis  through  the  intervals 
hetveen  the  bare,  so  that  the  latter  only  can  be  taken  up  and 
pbced  in  the  barrows.  Iron  is  used  in  preference  to  wood  for 
miking  the  barrows,  both  on  account  of  ite  being  incombustible, 
iDd  also  because  wooden  ones  would  sooner  become  destroyed  by 
Mutant  friction  against  the  hard  and  rough  edges  of  the  coke. 
Kg.  88  r^resents  a  vertical 
•Kiion,  and  fig.  89  a  ground 
pisn  of  a  furnace  of  this  kind. 

Various  contrivances  have 
ti  different  times  been  em- 
pbfed  to  fadlitatethe  cooling  | 
^  ^  ovens,  during  the  last 
>^e  of  coking:  but  very  few 
of  these  have  come  into  gene- 
^  nae,  as  the  increased  ex- 
pQ^  incurred  in  adapting  them  to  the  furnaces  is  in  most  in- 
■bi&ees  more  than  equivalent  to  the  advantages  to  be  derived  from 
^  use.  One  of  the  best  methods  of  hastening  this  cooling  of 
Ae  eoke  is  the  construction  of  furnaces  with  air  flues,  not  only 
*^  the  refractory  lining  of  the  bottom,  but  also  around  the 
1^  of  the  oven.  During  the  first  stages  of  the  process,  all 
^ooneetaon  between  these  and  the  external  air  is  cut  off  by  iron 
iinqKra,  but  as  soon  as  it  is  required  to  cool  down  the  oven  for 
fte  pvpose  of  drawing  the  charge,  the  air  is  admitted  by  side 
^VmigB,  and  escapes  through  a  set  of  holes  left  for  that  purpose 
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in  the  upper  part  of  the  brick-work.  This  caoses  a  draught,  Gnl 
the  constant  influx  of  fresh  quantities  of  cold  air,  which,  by  re- 
ducing the  temperature  of  the  walls  of  the  oven,  materiallj  slnj> 
tens  the  usual  period  allowed  for  cooling.  Where  many  ov^^ts 
are  employed,  aiid  in  localities  where  it  is  dGsirable  that  th 
smoke  produced  should  be  carried  as  rapidly  as  poeeible  from  tb^ 
neighbourhood  of  the  furnace,  a  long  flue  is  constructed  along  the 
top  of  the  whole  range,  and  by  this  the  smoke  and  fames  issuing 
from  the  openings  in  the  crowns  of  the  ovens  are  carried  to  a 
suitable  chimney.  In  this  case  the  apertures,  instead  of  bong 
closed  with  an  iron  plate  as  above  described,  are  shut  by  sHding 
dampers  worked  either  by  a  lever  or  by  a  pulley  and  counter- 
poise. 

The  ordinary  routine  of  coke-making  has  to  a  certain  ert^it 
been  modifled  by  the  Messrs.  Cory  of  Lambeth,  who  in  their 
factory  are  in  the  habit  of  cooling  the  coke  in  their  ovens  b^ore 
it  is  drawn.  This  is  done  by  well  watering  it  as  soon  as  the 
operation  is  completed,  with  a  jet  suppHed  by  a  powerful  force 
pump.  This  is  said  not  only  to  effect  a  saving  by  preventing  any 
loss  by  combustion  during  the  time  the  charge  is  being  with* 
drawn,  but  also,  by  the  decomposition  of  the  water,  to  carry  oE 
any  remains  of  sulphur  in  the  form  of  sulphuretted  hydrogen, 
and  sulphurous  acid  gases.  Care  is  of  course  taken  that  the  fur- 
nace be  not  so  far  cgoled  as  to  be  unable  to  inflame  the  suceee<l' 
ing  charge,  and  as  the  whole  of  the  water  is  converted  into  vapour 
before  reaching  the  sides  of  the  furnace,  the  brick-work  is  not  in 
the  slightest  degree  injured.  The  coke  which  is  thus  cooled  in 
the  furnace  is  aJso  said  to  be  brighter  and  more  sonorous  than 
that  manufactured  in  the  ordinary  way. 

Another  form  of  these  furnaces  is  much  used  among  the  coal 
mines  in  the  north  of  England.  This  arrangement  is  that  com- 
monly employed  in  the  neighbourhood  of  Newcastle,  and  has  the 
double  advantage  of  retaining  the  heat,  and  requiring  but  litlile 
brick-work  for  its  construction.  Each  single  furnace  is  a  square 
ten  feet  deep,  twelve  feet  wide,  and  ten  feet  high.  The  top  is 
arched,  and  the  whole  thickness  of  the  side  walls,  including  the 
intemsd  lining  of  fire  stone,  is  but  two  feet.  In  the  centre  of  the 
arch  an  aperture  2^  feet  square,  and  lined  with  a  cast-iron  rin^, 
is  lefb,  whilst  another  is  made  on  the  level  of  the  floor  for  intro- 
ducing the  coals  to  be  coked.  This  opening  is  supplied  with  aao 
iron  casing  which  forms  a  groove  in  which  the  door  slides.  Tht 
door,  which  consists  of  an  iron  framing  filled  with  brick-work,  h 
suspended  by  a  chain,  and  raised  or  lowered  by  a  lever.  In  'tin 
brick-work  of  the  door  are  lefb  several  openings,  which  are,  ho^sr 
ever,  sometimes  dispensed  with,  and  in  this  case  the  bridks  ar 
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looBelj  placed  in  the  frame,  and  admit  sufficient  air  through  the 
crerices  between  them  for  the  combustion  of  the  gases  issuing 
from  the  coak. 

The  charge  of  each  of  these  ovens  is  about  two  tons,  and  re- 
qniies  to  remain  about  48  hours  in  the  furnace  before  it  is  in  a  fit 
state  to  be  drawn,  which  is  done  by  an  iron  hook  used  specially 
for  that  purpose.  In  all  other  respects  these  ovens  are  managed 
preciselj  like  those  last  described,  fresh  coal  being  thrown  on  as 
soon  as  the  coke  is  withdrawn,  and  a  certain  amoimt  of  air  ad- 
mitted during  the  former  part  of  the  operation. 

In  this  coimtry  large  quantities  of  tar  are  annuall  j  furnished  by 
ihe  distillation  of  coal,  from  which  gas  for  illumiuation  is  obtained, 
and  as  the  supply  may  be  considered  equal  to  the  demand,  the 
piioe  of  this  product  is  so  extremely  low  as  to  offer  but  little  in- 
ducement to  the  manufacturer  of  coke  to  take  measures  for  the 
collection  of  that  which  is  constantly  being  driven  off  from  his 
ovens  in  the  state  of  vapour.  In  some  localities,  however,  the 
case  is  very  different,  and  from  the  high  price  obtained  for  tar,  it 
become  a  matter  of  the  greatest  importsmce  that  as  small  a  por- 
tkm  as  possible  of  this  fluid  be  allowed  to  escape  condensation. 

At  Gleiwitz,  in  Silesia,  the  frunaces  used  for  this  purpose  are 
cylindrical  ovens  eight  feet  high,  and  about  six  in  diameter.    The 
upp^  part  of  this  oven  is  arched  over,  and  has  an  opening  for  the 
escape  of  gases,  which  may  be  closed  by  an  iron  plate,  as  in  the 
funiaces  before  described.     The  charging  door,  which  is  on  a  level 
with  the  sole,  is  closed  by  piling  up  loose  bricks,  and  afberwards 
made  air-tight  by  applying  an  iron  door  on  the  outside,  and  stop- 
jnng  the  interstices  with  clay.     Besides  these  doors  the  furnace 
is  also  provided  with  a  series  of  air-holes  made  through  its  walls 
at  different  heights  from  the  floor,  and  a  large  iron  pipe  is  fitted 
into  the  arched  brick-work  of  the  top  for  the  purpose  of  carrying 
off  and  oollecting  the  tarry  vapours  which  are  evolved.     These, 
together  with  the  gaseous  products,  are  conveyed  to  a  cistern 
which  condenses  and  collects  the  former,  and  allows  the  latter  to 
escape.    In  the  cold  season  this  pipe  leads  directly  to  the  receiver, 
bit  daring  warm  weather  it  is  connected  with  a  series  of  zigzag 
pipes,  which,  passing  through  cold  water,  act  as  a  refrigerator 
and  aid  the  condensation.    The  charge  of  one  of  these  frimaces 
is  from  35  to  4^  cwt.  of  coals,  and  as  soon  as  it  has  taken  fire  the 
laiger  openings,  and  all  the  air-holes,  except  the  lower  row,  are 
dosed.    When  the  fire,  as  seen  through  these  apertures,  has 
iflBomed  a  reddish-yellow  coloiu:,  they  are  closed,  and  those  opened 
vhich  are  immediately  above  them.     On  closing  the  second  series 
)f  holes,  the  third  is  opened,  and  so  on  until  the  whole  charge 
las  been  sufficiently  and  r^ularly  ignited.     The  first  and  second 
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lows  of  holes  are  each  allowed  to  remain  open  ten  hours,  the  third 
sixteen  hours,  and  the  fourth  and  last  series  three  hours,  after 
which  the  oven  is  allowed  to  remain  twelve  hours  to  cool,  and  the 
coke  then  drawn  and  quenched  with  water. 

The  coal  used  in  these  ovens  is  slightly  caking  in  its  character, 
and  each  chaige,  besid^i  yielding  58  per  cent,  by  weight,  or  74 
per  cent,  by  volume  of  good  coke,  produces  on  an  average  5^ 
gallons  of  tar.  The  same  coal  charred  in  meilers  affords  only  47 
per  cent,  of  its  weight  of  coke,  and  this  far  more  spongy  and  finable 
in  its  nature  than  that  obtained  in  furnaces.  It  is  also  probable 
that  ammonia  might  be  manu&ctured  with  advantage  from  the 
water  associated  with  the  tar  thus  obtained,  although  it  does  not 
appear  that  it  has  yet  been  collected  for  that  purpose.  In  this 
country  the  low  price  of  tar  has  prevented  the  introduction  of 
furnaces  on  this  principle,  but  it  may  be  considered  certain  that  by 
the  adoption  of  properly  constructed  ovens  large  quantities  of  the 
volatile  alkali  might  be  collected  at  a  very  small  additional  expense. 

It  is  evident  that  the  ammoniacal  vapour  must  be  principally 
evolved  during  the  first  stage  of  the  coking  process ;  and,  ocmse- 
quently,  if  for  a  short  time  after  charging  the  fomaces  the  doon 
were  securely  closed,  and  l^e  gases  and  vapours  escaping  from  the 
coal  conducted  through  a  proper  refrigerator,  nearly  as  lai^  a 
proportion  of  ammonia  shoidd  be  obtained  as  would  be  procured 
from  the  same  friel  during  the  manufacture  of  coal  gas  by  the 
ordinary  method. 

Good  coke  may  also  be  manufactured  from  the  small  particles 
and  dust  of  those  varieties  of  coal  which  have  the  property  of 
partially  melting  and  caking  when  strongly  heated.  These  small 
fragments  will,  on  being  charred  in  properly  constructed  appara-. 
tus,  adhere  so  firmly  to  each  other  as  to  form  coke  quite  equal  to 
that  produced  from  the  larger  pieces.  At  St.  Etienne  a  trial  was 
first  made  by  pressing  the  moistened  small  coal  into  large  boxes 
provided  with  moveable  pegs  corresponding  to  the  channels  and 
air-holes  required  to  effect  the  coking.  These  cases  were  so  con- 
structed as  to  admit  of  being  easily  taken  to  pieces  after  the  coal 
had  been  properly  forced  in,  and,  as  the  pegs  were  at  the  same 
time  withdrawn,  the  coal  was  thus  moulded  into  a  small  meiler 
provided  with  all  its  necessary  flues  and  channels.  This  process 
was  found  to  yield  very  good  firm  coke,  but  the  amount  of  labour 
required  to  form  the  mound  proved  to  be  too  expensive  to  admit 
of  being  advantageously  employed,  and  was  consequently  aban- 
doned in  favour  of  the  fiunace,  fig.  90,  which  will  be  now  de- 
scribed, and  which  is  that  at  present  used  at  Rive  de  GKer,  on  the 
Loire,  for  coking  fine  coals. 

This  fiimace  is  constructed  on  the  same  principle  as  an  ordinary 
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baking  oven,  and  consists  of  a  flat  arched  space  with  an  even  sole. 
Like  those  before  described,  it  is  without  a  distinct  fire-place,  and 


tbe  beat  retained  by  the  walls  of  the  apparatus  after  the  with- 
drawal of  one  charge  is  sufficient  to  cause  the  ignition  of  that 
which  succeeds  it.  The  floor,  a  of,  of  this  oven  is  an  oval  space, 
U^  fiset  wide,  and  28  feet  in  length,  composed  of  a  bed  of  fire- 
day  six  inches  in  thickness,  spread  out  and  well  beaten  on  a  layer 
of  loose  stones,  b  b\  This,  again,  rests  on  a  mass  of  rubbish  and 
giavei,  C  C,  with  which  the  cenire  of  the  foundation  is  filled  up, 
and  which  forms  the  immediate  support  of  the  bottom  of  the  fiu*- 
naoe.  For  the  purpose  of  charging  and  withdrawiDg  the  coke, 
two  openings,  d  d\  are  placed  opposite  each  other  at  the  extre- 
mitieB  of  the  lesser  axis  of  the  fiuiiace :  these  are  closed  by  doors, 
two  feet  high,  and  two  feet  eight  inches  wide,  made  of  iron, 
fined  with  fire-bricks,  which  are  turned  towards  the  oven. 
Each  of  these  door-ways  is  provided  with  cast-iron  linings,  e  ef, 
made  with  grooves,  in  which  the  doors  slide  when  raised  or 
lowered  by  means  of  the  chains  and  levers  to  which  they  are 
attached.  In  the  middle  of  each  of  these  doors  is  a  small  open- 
ing, through  which  the  workman  can  observe  what  is  going  on 
iuide  the  furnace,  and  thereby  regulate  his  proceedings.  The 
greatest  distance  from  the  roof  to  the  sole  is  four  feet.  A  small 
damney,  G,  one  foot  six  inches  in  diameter,  and  one  foot  five 
iodiea  in  height,  is  placed  in  the  centre  of  the  dome,  A  A',  for 
tbe  eeeape  of  gases. 

The  whole  of  the  internal  lining,  except  the  floor,  is  composed 
of  fire-bricks,  and  the  arch  joint^  with  day  instead  of  Hme,  in 
order  to  render  it  better  calculated  to  withstand  the  heat  pro- 
dnced.  The  outside  of  the  furnace  may  be  of  either  brick  or 
atone,  but  should  be  covered  with  a  good  layer  of  mortar  mixed 
with  gharp  sand,  for  the  purpose  of  exduding  the  air  which  might 
otherwise  enter  through  the  jointings  of  the  work.  Should  any 
crack  occur  during  the  working  of  the  apparatus,  it  is  for  the 
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same  reason  carefully  stopped  with  clay  kept  prepared  for  tbit 
purpose. 

The  furnace  is  charged  while  still  hot  from  the  preceding  ope- 
ration, and  the  layer  of  coal-dust,  which  is  about  ten  inches  in 
thickness,  should  be  evenly  spread  on  the  sole  by  iron  rakes. 
The  fine  coal  is  slightly  sprinkled  with  water  before  being 
heated ;  and,  if  it  be  of  a  very  caking  description,  the  layer  on 
the  bottom  of  the  furnace  shoidd  not  exceed  eight  inches  in 
thickness. 

During  the  first  two  hours  afber  charging,  the  doors  are  entirely 
closed,  with  the  exception  of  a  small  sHt  at  the  bottom,  whidi 
affords  just  sufiicient  draught  to  carry  off,  through  the  chimney, 
the  large  quantities  of  gases  and  vi^urs  which  escape  from  the 
charge.  This  stage  of  the  operation  corresponds  to  the  sweating 
period  of  the  charcoal  mounds,  and  it  is  found  that  the  more 
slowly  and  regularly  this  is  conducted,  the  larger  is  the  amount 
of  coke  produced. 

The  charge  of  one  of  these  ovens  varies  from  60  to  70  cubic  feet, 
according  to  the  more  or  less  caking  nature  of  the  coals  operated 
on.  At  the  expiration  of  two  hours,  after  charging,  the  evolulaon 
of  vapours  rapidly  declines,  whilst  the  quantities  of  inflammable 
gases  given  off  are  much  increased.  Afber  a  short  time,  th^e,  mix- 
ing with  the  atmospheric  air  entering  beneath  the  door,  suddenly 
ignite  with  a  sort  of  explosion,  and  the  yellow  smoke  which  has 
hitherto  been  evolved  through  the  aperture  in  the  dome  is  quickly 
replaced  by  a  cloud  of  a  much  darker  colour.  At  this  point  the 
charge  is  at  a  dull  cherry-red  heat,  and  it  be^Dmes  necessary  to 
increase  the  temperature,  in  order  to  expel  the  last  traces  of  volatile 
matter.  This  is  done  by  raising  the  door  about  three  inches  from 
the  bottom  jam  of  the  frame,  and  the  fire  soon  draws  up  and  yields 
an  increased  quantity  of  dusky-coloured  smoke.  At  the  expirai- 
tion  of  three  quarters  of  an  hour,  the  smoke  gets  clearer  and  less 
sooty,  the  heat  of  the  charge  becomes  uniform  in  all  parts  of  the 
^irnace,  and  the  coal  b^ins  to  spUt  into  large  colunmar  fragments. 
At  the  end  of  three  hours  from  the  first  opening  of  the  door,  the 
mass  of  coke  is  usually  spUt  from  the  surface  to  the  sole  of  the 
furnace,  and  at  this  stage  of  the  operation  the  doors  are  closely 
shut,  and  the  crevices  stopped  with  fire-clay.  The  heat,  which  is, 
as  it  were,  shut  up  in  the  walls,  will  now  be  suflScient  to  complete 
the  charring  of  the  coals,  and  the  expulsion  of  the  last  traces  of 
gaseous  matter  is  effected  by  the  same  means.  Afber  thus  shutting 
up  the  fiimace,  the  flame  issuing  from  the  central  chinmey  still 
flickers  for  a  short  time  over  the  opening,  but  gradually  becomes 
more  and  more  feeble,  until  it  finally  dies  away  altogether.  The 
top  of  the  chimney  is  now  closed  by  an  iron  plate,  and  the  coke 
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drawn  with  as  little  delay  as  possible,  in  order  to  prevent  loss  of 
heat  before  the  introduction  of  another  charge  of  coal.  Each 
operation  requires  twenty-four  hours  for  its  completion,  and  as 
soon  as  the  coke  is  withdrawn,  it  is  sprinkled  with  water,  for 
the  doable  purpose  of  cooling  it  more  rapidly,  and  also  of  pro- 
dndng  the  decomposition  of  the  sulphur  compounds  which 
might  otherwise  be  retained,  and  render  the  coke  of  less  value  as 
afoel. 

When  one  charge  is  withdrawn,  another  is  placed  in  the  Aimace, 
and  the  process  goes  on  without  intermission  until  it  is  necessary 
to  allow  the  oven  to  cool  for  the  purpose  of  examining  its  refrac- 
tory lining,  which,  if  made  of  good  bricks,  will  require  to  be 
repaired  about  once  in  six  months.  This  process  yields  better 
r^ts  than  any  of  those  before  described.  At  Hive  de  Gier,  the 
annual  produce  of  coke  is  found  to  amount  to  69  per  cent,  of  the 
coal  employed,  and  even  the  worst  varieties,  which  are  there  sub- 
jected to  the  coking  process  in  these  ovens,  afford  from  60  to  65 
per  cent,  of  coke,  whilst  in  the  mound  from  45  to  50  per  cent, 
only  is  obtained,  and  in  the  heap  even  rich  coal  rarely  yields 
more  than  from  40  to  45  per  cent. 

It  is  found  by  experience  that  coke  produced  in  the  furnace  is 
denser  than  that  obtained  either  in  mounds  or  heaps ;  but,  on 
the  other  hand,  it  contains  a  larger  amoimt  of  sulphur,  and  is, 
on  this  account,  less  adapted  for  certain  purposes  in  which  that 
anhstance  is  prejudicial  than  that  prepared  in  the  open  air.  On 
cooling,  good  coke  splits  into  long  prismatic  masses,  in  some 
d^;ree  resembling  basaltic  columns.  Its  colour  is  a  kind  of  steel- 
gray,  almost  approaching  in  some  instances  to  silvery  whiteness ; 
hot  the  surfaces  of  many  varieties  are  covered  with  an  iridescence 
supposed  to  be  dependent  on  the  presence  of  sulphur,  and  is 
therefore  a  property  by  which  its  value  is  by  no  means  enhanced. 
Like  charcoal,  coke  al^orbs  moisture  from  the  air.  This  in  damp 
weather  sometimes  amounts  to  30  per  cent.  Coke  which  has 
been  for  a  long  time  exposed  to  the  air  and  damp,  becomes  soft 
and  friable,  and  is,  therefore,  ill  fitted  for  many  purposes  to  which 
otherwise  it  might  be  applied. 

COMPARATIVE  VALUE  OF  FUELS. 

It  must  be  evident  to  every  one  who  has  observed  the  combus- 
tion of  different  friels,  such  as  wood,  peat,  charcoal,  pit-coal,  and 
coke,  that,  to  produce  a  given  calorific  effect,  very  varying  quanti- 
ties of  these  substances  must  be  consumed.  T?liis  difference,  al- 
thon^  less  i^parent  between  distinct  specimens  of  the  same  kind 
of  fuel,  is,  however,  quite  appreciable  when  the  effects  produced 
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by  the  combnstioii  of  a  given  weight  of  each  variety  are  careriillT 
compfu^. 

Various  methods  have  at  different  times  been  employed  for  the 
purpose  of  measuring  the  rehitiYe  amounts  of  heat  produced  by 
the  combustion  of  equal  quantities  of  fuels  of  varying  composition- 
but  as  the  heat  evolved  can  in  no  instance  be  directly  estimated, 
the  calorific  values  of  the  substances  examined  must  in  all  cases 
be  judged  of  in  accordance  with  certain  physical  or  chemical 
effects  produced  on  a  third  body. 

In  order  to  ascertain  the  heating  power  of  any  snbst-aiiee^  the 
knowledge  of  two  thinn  is  necessary, — the  amount  of  heat  which 
it  is  capable  of  producmg,  and  the  time  necessary  for  ita  develop- 
ment. The  results  thus  obtained  are  usuaUy  known  m  the 
theoretical  effects  of  the  fuel.  Since  it  is  impcsslble  to  ascertain 
the  real  amoimt  of  heat  generated,  the  economic  value  is  always 
judged  of  by  comparing  its  effects  with  those  pro<luced  under 
precisely  similar  circumstances  by  other  varieties.  These  com* 
parative  estimations  may  be  effected  in  viirious  ways,  all  of 
which  are  sufficiently  accurate  for  practical  purposes.  The 
more  ancient  experiments  on  this  subject  were  all  conducted 
on  the  same  principle,  and  are  exclusively  physical  in  their  cha- 
racter. 

The  instrument  employed  for  this  purpose  was  called  a  calori- 
meter, and  the  amount  of  heat  produced  estimated  either  in  ac- 
cordance with  the  quantity  of  ice  melted,  or  the  weight  of  water 
elevated  to  a  certain  temperature  by  the  substance  operated  on. 
Both  these  methods  are,  however,  precisely  BJmilar  in  principle* 
and,  from  the  following  considerations,  it  becomes  easy  to  give 
the  same  expression  to  the  results  obtained  by  either  modifica- 
tion of  the  instrument.  It  has  been  found  by  Lavoisier  and 
Laplace,  that  the  quantity  of  heat  required  to  melt  ooe  pound 
of  ice  is  just  sufficient  to  elevate  the  same  weight  of  watej-  fiiom 
0°  to  75*  C;  or,  what  is  precisely  the  same  thing,  to  raise  075 
lbs.*  from  32*  Fahr.  to  the  boiling  point.  Clement  and  Ue^rraes 
have  also  shown  that  a  given  weight  of  aqueous  vapour,  whatever 
may  be  its  temperature  or  tension,  is  always  produced  by  the 
same  quantity  of  heat ;  and  therefore  contains,  and  is  capable  of 
again  yielding  to  other  bodies,  an  exactly  equal  amount.  More- 
over, according  to  the  same  authorities,  the  heat  abiM>rbed  &o  as 
to  no  longer  affect  the  thermometer  (latent  heat)  during  the 
conversion  of  water  into  steam  is  5*5  times*  greater  in  quantity 

1  According  to  the  more  recent  experiments  of  Regnault,  thia  Dumber 
be  raised  to  0'79. 

•  According  to  Runford,  6-67. 
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than  that  which  is  required  to  ndse  the  same  weight  of  water  from 
0^  to  100"  C. ;  and  it  therefore  hecomes  easy  to  calculate  how 
much  water  could  be  evaporated  from  its  boiling  point  by  the 
qoantity  of  heat  necessary  to  melt  one  pound  of  iee.     This  will 


0-76 


be  found  equal  to  -^  =  0'154  lbs.  of  water. 

The  following  table,  extracted  from  Knapp's  Technology,  gives 
the  resolts  ofCount  Bumford,  as  obtained  by  his  water  calori- 


One  Ftand  of  the  foDowiiig  lands  of  Wood, 
when  bnmt, -will  heat 

1.  Limetree  wood. 

Ihy  wood,  4  years  old 
"      "      slightlv  dried  . 
"      "     strongly  dried  . 

2.  Beech  wood. 

Dry  wood,  4  or  5  years  old 
"      "      strongly  dried  . 
8.  Ehn  wood. 

Wood  dried,  4  or  5  years  old 
"     strongly  dried 
**     dried  brown     . 

4.  Oak  wood. 

Conmion  fire-wood,  in  small  shavings 
The  same,  in  thicker  shavings    . 

*^         in  thick  shavings 

"         dried  in  the  air 
Yeiry  diy  wood,  in  thin  shavings 
"  "      thicker     do. 

5.  Ash  wood. 

Common  diy  wood    . 
The  same,  med  in  air,  shavings 
*^       shavings  dried  in  an  oven 

d  Sycamore  wood. 

Strongly  dried  in  an  oven  . 

7.  Wood  of  Mountain  Ash. 
Strongly  dried  in  an  oven  . 
Dried  brown     .... 


Pounds  of  Water  firom 
82o  to  212«. 

.  34-707 
.  38-833 
.  40-131 


33-798 
36-476 

30-206 
34083 
30-900 

26-272 
26-590 
24-748 
29-210 
29-838 
26-227 

30-666 
33-720 
36-449 

36117 

36130 
32-337 


8.  Wood  of  Bird  Cherry. 
Dried  wood 

Stron^y  dried  in  an  oven 
Dried  Inown 


36-904 
34-736 
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One  Ponnd  of  the  followiiig  Idiids  of  Wood, 

Poiuidj  of  WatLT  frfjti 

when  burnt,  wiU  heat 

32«  U>  2U\ 

9.  Fir  wood  (Deal). 

Ordinary  dry  wood 

.    30332 

Well  dned  in  the  air,  sliavings  . 

.    MOOD 

"         in  an  oven,  Bhavings 

.     37379 

"         brown  in  fihavings     . 

.     33-358 

"         in  thick  shavings 

,     28Cfl5 

10.  Poplar  wood. 

Wood,  dried  in  the  ordinary  manner 

.    34G01 

"      strongly  dried  in  an  oven 

.    37161 

11.  Hornbeam. 

.    31  704 

It  was  first  remarked  bv  Welter  that  the  amomit  of  heat  pro- 
duced by  burning  bodies  is  in  direct  proportion  to  the  quantity 
of  oxygen  required  to  effect  their  combustion.  This  circum- 
stance, which  was  originally  deduced  from  the  calorimetrical  ex- 
periments of  Laplace,  Bumford,  Lavoisier,  Despretz,  and  others, 
IS  now  generally  admitted  as  an  established  fact,  and  has  given 
rise  to  a  new  and  very  convenient  method  of  estimating  the 
calorific  value  of  fuels.  The  process,  invented  by  Berthier,  con- 
sists in  heating  a  known  weight  of  the  substance  in  fine  powder, 
with  a  large  excess  of  litharge,  which,  being  decomposed  by  the 
combustible  matters  of  the  fuel,  yields  a  button  of  lead  propo^ 
tionate  to  the  quantity  of  those  substances  present.  Every  atom 
of  oxygen  thus  abstracted  from  the  litharge  will  necessarilj 
give  rise  to  the  production  of  an  atom  of  metallic  lead,  and, 
consequently,  a  tolerably  accurate  measurement  of  the  relative 
heating  values  of  different  kinds  of  fuel  is  obtained  by  weighing 
the  button  of  lead  produced  under  perfectly  similar  circumstoi(%8 
by  a  given  weight  of  each  variety.  When,  however,  it  is  required 
to  ascertain  what  quantity  of  water  would  be  elevated  from  32* 
to  212®  Fahr.  by  the  combustion  of  a  given  amount  of  any  par- 
ticular fuel,  it  is  found  necessary  to  refer  the  results  to  the  known 
calorific  value  of  a  single  combustible  substance.  For  this  pur- 
pose, carbon,  which,  according  to  Despretz,  requires  2666  tunes 
its  weight  of  oxygen  for  its  perfect  combustion,  is  generally  chosen. 
If  this  be  abstracted  from  litharge  entirely  free  from  the  higher 
oxides  of  lead,  each  portion  of  carbon  will  afford  34*5  parts  of 
metallic  lead ;  and  if  we  fiirther  admit,  in  accordance  with  the 
results  of  the  above-mentioned  chemist,  that  the  same  amount  of 
carbon  will  elevate  7815  parts  of  water  fipom  32**  to  212*  Fahr.,  it 
follows  that  each  amount  of  lead  corresponding  to  a  unity  of 
carbon,  which  may  be  reduced  by  any  kmd  of  rael,  corresponds 


C0UFABA.T1TX  TAXTTE  Of  FUELS. 


175 


78'15 
to-— =  2*265  parts  of  water  raised  by  its  combustion  fipom  32® 

to  212*. 

The  calorific  value  of  a  substance  may  be  estimated  with  still 
greater  accuracy  from  the  results  obtained  by  its  ultimate  analysis 
made  according  to  the  methods  to  be  hereafter  described.  As  one 
equiv.  of  carbon  requires  2*666  times  its  weight  of  oxygen  for  its 
combustion,  and  an  unity  of  hydrogen  takes  rather  more  than 
laiple  that  quantity,  or  eight  psuts,  it  follows  that  the  amount  of 
oxygen  required  for  the  combustion  of  a  substance  containing  C 
parts  of  carbon,  H  parts  of  hydrogen,  and  O  parts  of  oxygen,  will 
be ex{Hnessed  by  0x2-666-^ (H — h)  8=a;,  inwhidi  h  represents 
the  amount  of  hydrogen  corresponding  with  O  parts  of  oxygen, 
and  must  be  evidentiy  deducted  from  the  amoimt  contained  in 
the  fuel.  If,  on  the  contrary,  it  be  required  to  find  the  quantity 
of  water  which  should  theoretically  be  evaporated  by  a  given 
weight  of  any  particular  fuel,  of  which  the  ultimate  composition 


C  X  18268  +  H— h  X  62470 
966-7 


is  known,  the  formula  becomes 

Here  C  is  the  quantity  of  carbon,  H  the  quantity  of  hydrogen 
contained  in  a  unit  of  fuel,  and  h  the  quan^ty  of  hydrogen  cor- 
re^nding  to  the  per-centage  of  oxygen  contained  in  the  sub- 
stance examined.  These  multiplied  by  their  respective  heating 
powers,  according  to  the  experiments  of  Dulong,  and  divided  by 
the  latent  heat  of  steam,  afford  the  required  reralt.^ 

The  calorific  values  of  various  kinds  of  friel,  as  calculated  by 
these  formuLe,  are  given  in  the  following  tables : — 

Different  kinds  of  Wood. 


Sptaa 

of 
Wood. 

PoimdsofLead 

reduced  by 
lib.  of  Wood. 

Pounds  of  Water 

which  1  lb.  of 

Wood  can  heat 

from32<>to212°. 

Pounds  of  Water 
which  1  lb.  of 

Wood  can  eva- 
porate from 
212°  Fahr. 

Observers. 

.(hkwooA 
^     .     . 
%amore 
B«eh.     . 
'fit.    .     . 
IPfca    .     . 
1  JaoniMsin 
;Hih    .     . 

12-50 
14-96 
13-10 
13-70 
14-60 
13-70 
12-50 
14-50 
1304 
14-48 

28-30 
32-07 
29-70 
31-00 
32-80 
31-00 
28-30 
32-84 
29-54 
82-80    . 

6-27 
6-97 
6-53 
6-77 
6-11 
6-77 
6-27 
6-12 
6-50 
6-11 

Berthier. 
Wmkler. 
Berthier. 

t( 
(1 
(( 
(t 

Winkler, 
li 
(( 

>  The  coefficient  of  the  latent  heat  of  steam  at  212°  Fahr.  is  generally  taken  at 
1000^.  The  above  number  is  from  the  recent  ezpetiments  of  Begnault  on  this 
ni^eet. 
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Varieties  of  Peat. 


Ponndfof 

Pounds  of 
Water 

Pounds  or 

LeoOUf. 

Lead 
reduced  by 

llbLOf 

which  1  Ih. 
of  Feat 
canralM 

of  Peat  can  ""«^«* 

Peat 

fhnn  8S°  to 
ai2o. 

evaporate 
firom219». 

1  P»t  fixOT  Trovea 

8-0 

18-1 

8-871 

*"      Ham,  I^cpw  de  la  Somme 

12-8 

27-9 

6-2 

"     Ba*-4V,  Do'p.  de  la  Blame 
*^     Kiiiu^tHbrunn,  Wirtemberg 

130 
14-8 

29-2 
82-4 

6-4    1 
6-0     ' 

Bertliier. 

*'     Fmmuat,  D^  des  Voges 

16-4 

84-9 

6-5 

"      l*;hoiix,  D^  des  Landes 

16-8 

84-6 

6-4 

Fhjm  AlLm  in  Ireland,  Upper 

27-7 

62-7 

11-6  > 

"                ^'        Lower      . 

26-0 

56*6 

10-6  V 

Griffiths. 

PrasedPeai       .... 

18-7 

28-0 

5-2  ) 

Brown  Coal. 


Founds  of 

Pounds  of 

Poondsof 

Water 

Water 

♦ 

Lead 

which  1  lb. 

which  lib. 

Locally. 

rednoedhj 

of  Goal 

of  Goal 

Otasmn 

lib.  of 

wiUheat 

win 

OoaL 

fh>ni89* 
to31So. 

fhnn31»>. 

S^t  MoTttn  de  Vand  (Canton  de 

Vaad) 

22-6 

16-20 

9-64' 

Miat?nii^  iMp.  dtt  TAude     . 

22-8 

61-60 

9-61 

Favraiu       ..... 

210 

47-60 

8-87 

Enfaiit  Dort        .... 

210 

47-60 

8-87 

Koep  PDarch.  Lake  of  Zurich 

20-7 

46-90 

8-67   . 

Beithkr. 

TaI,  04^  d&  la  Sarthe 

19-26 

48-60 

8-12 

Commtm  Gtunaa 

18-40 

41-70 

7-77 

•  £]bogoii,  Bdliijiiila        .          • 

18-20 

41-20 

7-68 

Kmni          .         *         ,         .         , 

16-80 

88-80 

7-28 

Eonbj  Dual  fh>iii  Dax 

21-88 

48-81 

9-ooi 

Boaches  da  Rh6ne 

18-89 

42-69 

7-96 

Lower  Alps      . 

16-69 

87-71 

7-02  1 
7-61  r 

nAan«n1tL 

**             Greece     . 

17-84 

40-81 

''             Cologne   . 

18-24 

41-22 

7-68 

Uijnach    . 

16-90 

86-98 

6-69 

Helm^edt,  Prioz  WOhehns*  Mine 

20-17 

46-68 

8-49\ 
7-90  ' 

Vairan- 

Schonmgieia          .... 

18-76 

42-89 . 

trapp. 

h 
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Poandsof 

Ponndaof 

Poanditf 

Lead 

reduced  by 

lib.  of 

OoaL 

Water 
which  llbw 

Water 
which  lib 

»BMof  Oodnd  Locdttr  whmttii 

of  Goal  is 
capable   of 

iroiniRr' 

of  Coal  Is 
capable  d 
eTaporat» 
ing  from 

Obaerren. 

toaiap 

AbadjmOoi'aMcvtliyr 

8412 

77-11 

14-871 

^ 

HOTs  FlyiiMiuth  WutftuB 

3406 

76-97 

14-34 

o 

Kixon'sBCerthyT. 

8320 

76*63 

18-98 

1 

TbeinaB^BMerthyr        . 

82-96 

74-48 

13-88 

Xealfa  Abbey       . 

31-20 

70-61 

13-14 

^ 

BockYawr 

28-92 

66-36 

12-18 

1      fBlicUe^  Hmst 

'  IjRiiihyPaikKiiie    . 

29-68 

66-86 

12-66 

28-98 

66-49 

12-20 

cJiBbckbrook  Little  Ddf     . 

28-68 

64-81 

12-08 

J.  A« 

26-88 

60-74 

11-82 

Phillips. 

j      fKcwcMtk  Hartley   . 

81-86 

72-00 

18-42 

|4     Gut's  Hartley 

1 J  ]  Hedkj's  Hartley      . 

g      I^Sleam-boat  Wallaend 

80-90 

69-83 

13-01 

30-36 

68-61 

12-78 

28-80 

66-08 

12-18 

|4jWdDewood      . 

28-88 

64-18 

11-94 

|s\Eg|liiton 

24-32 

64-96 

10-24. 

BSv«deGier      .... 

29-60 

67-0 

12-481 

Ibn,  Giand  GaiDet   . 

28-1 

63-6 

1186 

BochclttDe,  Allais 

27-6 

62-6 

11-66 

Beodiamp.  HaotSleoe 

27-3 

61-8 

11-61 

ft.  FSsie  U  Coor,  layeme 

27-0 

61-1 

11-38 

IfUK,  Stone  et  Loire 

26-8 

60-7 

11-31 

Tiui,  near  St  Etknne 

25-4) 

67-6 

10-71 

Berthier. 

24-0 

64-6 

10-16 

Ornhnrnm^WmtL 

21-2 

48-0 

8-94 

M^Jum         .... 

21-0 

47-6 

8-86 

TiXH  SiftVllllM               ... 

19-4 

48-9 

8-18 

81-0 

70-2 

13-08 

ftwyu,  near  Offianberg  . 

22-2 

60-8 

9-87_ 

F 

ir 
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TTTEL. 

Anthracite. 


LocalltT. 

Poqndiof 

Lead 
reduced  b7 

lib.  of 
Anthndte. 

Fvwndeof 

Water 
which  lib. 
of  Anthn- 
dte win 
elerate 
tctm  8^  to 
811* 

Pounds  of 

Water 
which  1  lb. 
of  Anthra- 
cite win 
evaporate 
from  SU>. 

(Aienai 

Lamiire,  GranobU 
PennsylvBiiU 
Laval  la  Ghaomi^    . 
„     UBzaconi^    . 
CkMrlMttrie 

Uangnicke,  Glamoiigaiiihire 
SUmrdagb,  Tipperaiy 

81-60 

80-60 

830 

26-6 

26-7 

88-48 

80-10 

71-60 

6910 

74-7 

60-2 

60-6 

76-78 

70-44 

18-821 

12-88 

18-92  } 

11-22 

11-27 

1411\ 

1312, 

Berdnir. 

J.  A. 
PhaDps. 

Charcoal. 


Hade  from 


Poondaof 

Lead 
redaoedby 

tlb.of 
Charcoal 


Pounds  of 

Water 

which  1  lb. 

of  Charcoal 

will  heat 

from  89o  to 

SIS* 


Pouidaof 

Water 
which  llbi 
of  Char- 
coal win 
evaporate 
from  SIS* 
Fah. 


J  fPoplar  . 
I  ,  I  Sycamore 
l-llABh  . 
;3       LAapen     . 


80-6 
80-6 
29-6 
29-6 

82-8 
82-4 
81-4 
81-3 

83-67 
88-26 
32-79 


On  an 

f- average 
I     68* 


On  on 

average 

72 

)   Oni 

>  average 
)     76-7 


12*6 


13-4 


13-7  ) 


Berthte. 


Wmkkr, 


Peat  Charcoal. 


Localltj. 


Poimdsof 

Lead 
reduced  by 
llb.ofPeat 
CharooaL 


Pounds  of 

Water 
which  1  lb. 
of  Peat 
Charcoal 
win  heat 
from  8So 
toSlSo. 


Pounda  of 

Water 

which  1  lb 

of  Peat 

Charcoal 

wffl 
evaporate 
frtmi313«. 


Courcy-sur-Oorcq 

Ham 

EsBone       •        •        .        •        • 
Framont,  made  from  Peat  from 
Champ-de-fea 


17-7 
18-8 
22-4 

26-0 


40-1 
40-7 
60-7 

68-9 


7-47 
7-77 
9-46 

10-79 


Bcrthil 
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Coke. 

1 

Poondsof 

Poonds  of 

Ponnds  of 

Water 

Water 

Lead 

wblch  1  lb. 

which  1  lb. 

,  Lottttr  or  Cod  from  wblcfa  th«  Coke 
was  made. 

reduced  by 
lib.  of 

of  Coke 
win 

of  Coke 

win 

ObaeTYers. 

Gok& 

elevate 
finom  89°  to 

evaporate 

from  313  • 

Fah. 

St.£tiome,  ptepared  at  La  Garre 

28-6 

65  6 

12-2. 

28-4 

64-8 

12-0  ) 

KredeGia-  .        .        ."        ". 

26-0 

68-9 

1091 

Berthier. 

Coke  from  tfae  Lnzembomc  gas 

c 

fi«to7,Paris        .         . 

22-2 

50  8 

9-4  ) 

T«fidd,DnAam     .        . 

31-68 

71-59 

18-34 

J.A.Phillip8. 

•fTttmm  ma  th«  Actton  ofFveii* — The  consideration  of 
the  actual  heating  power  of  different  kinds  of  fuel,  without  refer- 
ence to  the  time  necessary  for  the  production  of  the  heat  evolved, 
would  afford  veiy  superficial  and  erroneous  ideas  relative  to  their 
fespective  economic  values.  If  we  refer  to  the  foregoing  tables, 
it  will  be  found  that  the  softer  and  lighter  varieties  of  wood  pos- 
sess higher  calorie  values  than  those  which  are  more  compact, 
ttd  have  consequently  a  greater  density.  This  is  precisely  the 
Jwene  of  what  might  be  expected  fix)m  actual  experience,  but 
wben  careMly  examined,  this  apparent  anomaly  is  easily  explained. 
On  ooQgiilting  the  table,  page  125,  showing  the  ultimate  com- 
pwtion  of  the  various  kinds  of  wood,  it  will  be  observed  that  the 
tghter  and  more  inflammable  varieties  contain  a  larger  amount 
of  hydrogen  than  the  harder  and  less  combustible  kinds.  In 
jwre  w<k)dy  fibre,  the  relative  proportions  of  oxygen  and  hydrogen 
are  soch  as  by  their  union  woidd  form  water,  whilst  in  all  the 
ifoent  kinds  of  wood  which  have  been  examined  there  is  a  con- 
rtttt  excess  of  the  latter  over  the  former.  This  excess  is  more 
onsiderable  in  soft  woods  than  in  hard.  In  oak  the  excess  of 
kjihogen  above  that  necessary  to  combine  with  the  oxygen 
VMonts  to  5*08  parts  in  1000,  whilst  in  common  deal  it  amounts 
to  9'50.  When  these  woods  are  strongly  heated,  the  excess  of 
.kfdrogen  combines  with  a  portion  of  the  carbon  present,  and  gives 
*«  to  the  formation  of  gaseous  hydrocarbons,  at  the  expense  of 
|fc  fixed  carbon  or  charcoal,  which  would  otherwise  be  produced, 
woe  gases  igniting  with  extreme  readiness,  produce  much  flame, 
Md  the  woods  fix)m  which  they  are  evolved  consequently  consume 
■Ml  greater  rapidity  than  those  in  which  the  hydrogen  and  oxy- 
(n  eadst  more  nearly  in  equivalent  proportion.  When  such 
V^oods  are  applied  to  heating  purposes,  it  is  generally  found  that 
^  evolve  their  heat  more  rapidly  than  the  apparatus  in  which 
Hiey  are  consomed  is  capable  of  absorbing  it,  and  a  considerable 
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portion  is  lost,  from  the  ciicamstaxice  of  a  certain  time  being  re- 
quired by  all  arraDgementB  to  appropriate  the^heat  which  may  Iw 
developed  by  the  combustion  of  the  fuel  consumed.  When,  on 
the  contranr,  a  wood  is  employed  in  which  the  excess  of  hydra^ 
is  very  small,  but  little  flame  is  produced,  and  as  the  combustion 
goes  on  slowly,  and  the  heat  is  produced  regularly,  the  greater 
proportion  of  that  generated  becomes  available,  and  the  fuel  yidds 
a  practical  effect  superior  to  those  yarieties  which  in  reality  possesi 
a  higher  calorific  value. 

It  follows  from  these  considerations,  that  a  fiid  which  may 
produce  the  best  effects  in  an  apparatus  provided  with  a  large 
heating  sur&ce,  may  be  but  ill  fitted  to  be  employed  in  one 
differently  constructed,  as  each  variety  requires  its  own  time  to 
evolve  the  heat  which  it  is  capable  of  developing.  F(n*  this  reascm 
the  harder  woods  are  most  generaUy  preferred,  but  when  a  veiy 
intense  heat  is  required,  as  in  the  case  of  the  porcebun  fuinaoe, 
it  is  best  obtained  by  the  employment  of  the  softer  varieties,  it 
being  only  necessary  that  the  apparatus  be  so  constructed  aa  to 
absorb  the  heat  evolved  with  sufficient  rapidity.  The  resalte  ob- 
tained by  the  use  of  any  given  fuel  also  depend  in  a  great  measure 
on  the  size  of  the  fragments  into  which  it  is  divided.  If  it  be 
thrown  on  the  fire  in  large  pieces,  it  bums  slowly,  and  a  large 
proportion  of  the  heat  generated  is  absorbed.  If  it  be  wood  tluit 
is  employed,  and  instead  of  being  burnt  in  the  form  of  large  logs, 
it  be  first  divided  into  shavings,  the  combustion  will  be  so  rapid 
that  a  large  portion  of  the  heat  will,  for  all  useful  purpoaeey  be 
lost.  This  arises  from  the  greater  facility  with  which  the  air 
comes  in  contact  with  it,  vmen  in  the  form  of  shavings*  11^ 
however,  the  firagments  are  stiU  ^ui^her  reduced  in  size,  ihe  small* 
ness  of  the  particles,  and  the  dose  contact  existing  between  them, 
excludes  the  entrance  of  the  necessary  suTO>ly,  and  for  this  reasoa 
it  is  extremely  difficult  to  obtain  any  avaitable  heat,  eitha  from 
saw-dust  or  very  finely  divided  coal.^ 

What  has  been  said  chiefly  with  reference  to  wood,  also  applies 
to  the  other  kinds  of  fiiel,  as  they  are  all  influenced  by  their  state 
of  division,  and  the  excess  of  hydrogen  which  they  contain.  Wi& 
regard  to  pit-coal  it  has  been  stated  that  practically  the  coke 
which  it  produces  alone  acts  as  a  heating  agent,  and  that  the 
hydrogen,  and  hydrocarbons  generated  merely  afford  by  tiieir  : 
combustion  sufficient  heat  to  coimterbalance  that  absorbed  by  the 
escaping  gases.  The  effects  obtained  will  necessarily,  in  a  greaik  .: 
degree,  depend  on  the  nature  of  the  apparatus  in  which  tiie  fioid 

1  This  difficulty  is  at  preeent  in  a  great  df^gree  removed  by  boniliig  the  »m»n 
coals  on  a  gmto  so  oorered  with  loose  lumps  of  stone  as  not  only  to  prevent  the^  "* 
falling  through,  but  also  to  spread  the  supply  of  air  through  the  mtentkaa  of  li»   ] 
fuel 
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is  ooDsmned,  but  wherever  a  very  high  temperature  is  to  be 
attained  in  a  small  space,  and  considerable  pressure  is  to  be  borne, 
coke  can  with  the  greatest  advantage  be  employed. 

The  following  Table,  from  The  First  Report  on  Coals  suited 
to  the  Steam  Navy,  bv  Sir  H.  T.  De  la  Beche,  and  Dr.  Lyon 
Pla^Bur,  shows  not  only  the  effects  actually  produced  by  several 
varieties  of  ooal  in  a  well-constructed  arrangement,  but  also  those 
theoietieally  possible,  together  with  the  relation  existing  between 
the  ealcrific  values  of  their  various  constituents. 


Number 

oflt».or 

Nnmber 

Nmnber 

Total  nnm- 

MttxA 

Water  con- 

oflb&of 

of  lbs.  of 

beroflbfl. 

number  of 

Per-cen- 
tageof 
Coke  left 

vertible 

Water  con- 

Water con 

of  Water 

Ib&of 

Same  or  Locality 

into  Steam 

vertible  into 

vertible  into 

convertible 

Water  con- 

ofOfMl 

by  the 

Steam  by 

Steam  by  the 

into  Steam 

verted  into 

Coke  left  b7 

the  carbon 

hydrogen 

by  1  lb.  of 

Steam  by 

OoeL 

ofOoaL 

ofCoaL 

CoaL 

1  lb.  of  CoaL 

TTiBOHeHcaL 

TliflOT^cal. 

The&PctlciL 

Thcoredcdl 

Pracdcn]^ 

WtUk  Cook: 

lOf'^-tito     . 

11^301 

iieeo 

1-903 

lB-563 

9-35 

85-5 

ATithmrito   (Jones 

and  Avbrei. )   . 

12^664 

13-563 

2-030 

14-593 

9-46 

92-9 

Old    Castle  F]ei>- 

Tdn      A 

10-601 

12046 

2^890     1 

14-936 

8-94      1 

79'8 

ranTii  Fkrr  Ydn 

L| 

lfi-072 

2-542 

J4-6H   ; 

9-40 

Bb«         .        . 

n-560 

12-181 

2*915 

15-093 

9  94 

1     88-10 

Lbngcmedi 

10*599 

10.741 

2-619 

14  260 

8-B6 

83-09 

hMyfia 

10-yJl 

11^49 

2-038 

13 -787     ' 

G  36 

85-0 

nirirs  Duffiyn 

11131 

i2i2e 

3-OGG 

16-092 

10-15 

S4-3 

%vmld  Newydd 

9  831     1 

11-463 

3*441 

14904 

962 

74'8 

SneQiuztQrEock 

Tdtt       . 

7-081 

10-325 

2-781 

13-106 

s-84    ; 

62-5 

n«a  f^ood  Roek 

VeiB 

S*G28 

11-300 

3-488 

14-788 

a-70 

68-8 

^Tfm  Konty  Grt* 

8-243 

10-767 

a-165 

13-9^2 

8-42 

65-6 

%mArm    .        , 

10-234 

10-899 

3-073 

1.^971 

9-53 

83-9 

^fcqrpdol.        . 

8144 

iroea 

3-207 

14-295 

7-47 

64-8 

lifm      . 

8-897     1 

11-075 

3-766 

14  841 

979 

71-7 

BibirVila 

10'441     1 

12-335 

3-300 

16-635 

10-21 

77-5 

1^<=1hnswr    K4irk 

1    Tik      . 

filS47 

10-263 

2-548 

12-811 

7-63 

63-1 

JC-^MI    . 

6-46B 

10-145 

2-654 

12-799 

3-00 

66-0 

1    ArietCWi; 

[S^^Aritfa    J«wd 

^mm     . 

6-239 

10  342 

2-071 

12-313 

7-03 

49-8 

tWttWi  Cw^- 

^Afiom 

6^324 

10*570 

2-202 

12-772 

7-71 

53-5 

E^piWalbeQd  . 

6'5(i0 

10-464 

2-968 

13^-22 

8-46 

58-45 

Md8plii.t     , 

C560 

10-933 

2-8fl4 

13-817 

7-56 

02-03 

&(««ettNitfa     . 

7-202 

10-970 

3-722 

13-692 

7-40 

56*6 

b^£g"- 

Nttffl  . 

7-711 

U-22S 

3-638 

14-863 

7-30 

69-2 

^     /HWI-- 

VfiiR^^    (jm< 

■         ^ 

10-895 

10-095 

1-437 

12-^82     ; 

9-85 

90-1 

182  FUEL. 

OF  THE  YABIOUa  METHODS  FOB  ASCEBTAIlTIKa  TQE  BELATTT2 
VALUE  OF  FUELS. 

THose  fuek  which  possess  the  highest  caloiifie  powers  are  not 
always  such  as  should  be  invariably  selected  for  practical  por- 
poses,  as  they  may  nevertheless  be  subject  to  disadvantages  which 
more  than  count^balance  this  proper^.  It  is  therefore  nec«?ssarr 
to  ascertain,  by  experiment,  what  are  the  peculiar  L4iaracten&tit-:t 
of  each  variety,  so  as  to  be  enabled  to  select  firom  among  a  num- 
ber such  as  may  be  most  economically  employed  for  the  particular 
purpose  to  which  the  fuel  is  to  be  appHed. 

lEmimmMimm  •f  Airit. — If  the  substance  to  be  examined  be  a  wood. 
it  should  be  first  reduced  to  fine  powder,  by  means  of  a  rasp,  or  if 
it  be  friable,  such  as  charcoal,  pii-coal,  or  poke,  it  may  be  pounded 
in  an  iron  mortar. 

A  weighed  portion  (about  10  grains)  of  the  pulverised  fuel  is 
then  placed  either  in  a  platinum  or  porcelain  crucible  and  ignited 
over  a  gas  flame,  until  the  whole  of  the  combustible  matter  is 
consumed.  The  residue  is  subsequently  weighed,  and  from  the 
amount  left  the  per-centage  of  incombustible  matter  present  b 
estimated.  In  making  this  experiment,  much  time  will  be  ^ved 
by  placing  the  crucible  a  Httle  on  one  side,  and  partially  coveting 
its  mouth  with  the  lid  for  the  purpose  of  directing  a  current  of 
air  on  the  burning  body.  When  the  substance  to  be  examined  is 
a  caking  coal,  it  is  found  advantageous  not  to  break  the  cnirt  of 
coke  which  is  first  formed,  but  to  allow  the  mass  graduaUj  to 
consume  from  the  exterior.  If  this  be  not  attended  to,  attd  it 
should  contain  much  ash,  small  portions  are  frequently  protected 
by  a  coating  of  earthy  matters,  and  escape  complete  combustion. 
In  the  case  of  coke  it  is  sometimes  found  extremely  difficult  to 
consume  the  last  portions  of  carbon,  but  this  may  always  Le 
effected  either  by  roasting  the  substance  in  an  assay  muffle,  or  br 
subjecting  it,  at  a  red  heat,  to  the  action  of  oxygen  gas. 

The  latter  process  is  best  accompKshed  by  placing  a  knovm 
weight  of  pulverised  coke  in  a  porcelain  crucible  over  a  lamp,  aud 
when  from  the  accumulation  of  ash  the  combustion  becomes 
sluggish,  the  vessel  is  closed  by  a  cover  having  a  hole  throug^h  its 
centre,  and  by  this  a  current  of  oxygen  is  made  to  arrive  through 
a  suitable  tube  from  a  gas-holder  in  which  it  is  contained.  Tlie 
amount  employed  is  regulated  by  a  stop-cock,  and  too  rapid  aetion 
is  especially  to  be  avoided. 

JBaHmattoM  •f  HygrMnecrie  Water.  —  The  amount  of  ivater 
present  is  estimated  by  drying  a  known  quantity  of  the  snbstauoe 
in  a  water  or  air  bath,  heated  to  212^  FsJi.,  until  it  ceases  to  lo$e 
weight.     In  accurate  determinations,  all  experiments  should  a^ 
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least  be  repeated  twice,  as  perfect  reliance  can  never  be  placed  in 
leBoIts  when  this  precaation  has  not  been  attended  to. 

ifciiphwnr. — ^The  sulphnr  oontained  in  a  fuel  is  most  correctly 
determined  by  the  foUowing  process.  The  substance  to  be  exa- 
.  mined  is  intimately  mixed  with  twice  its  weight  of  pm«  car- 
bonate of  magnesia,  and  placed  in  a  bulb  blown  in  the  middle  of 
a  tube  made  of  hard  glass.  This  is  strongly  heated  either  by  a 
spirit-lamp  or  gas-flame,  at  the  same  time  that  a  continuous 
emrent  of  oxygen  gas  is  passed  through  it  from  an  apparatus 
attached  for  that  purpose.  When  the  whole  of  the  carbonaceous 
matter  is  completely  consumed,  which  is  easily  perceived  by  the 
whiteness  of  tiie  mixture,  the  powder  is  thrown  on  a  filter,  and 
the  BohiUe  sulphate  of  magnesia  washed  through,  whilst  the  in- 
soluble carbonate  remains  behind. 

The  sulphuric  add  in  the  filtrate  is  then  thrown  down  by  chlo- 
ride of  barium,  and  finom  the  weight  of  sulphate  of  baryta 
obtained,  the  per-centage  amount  of  sulphur  present  in  the  ori- 
ginal substance  is  deduced. 

Carbonate  of  lime  may  for  this  purpose  be  employed,  instead  of 
tiie  corresponding  salt  of  magnesia,  but  as  the  sulphate  of  lime 
is  less  soluble  than  sulphate  of  magnesia,  the  washing  on  the  filter 
requires  to  be  prolonged,  and  a  longer  tune  is  necessary  for  the 
completion  of  the  operation  than  for  that  above  described. 

'Ae  sulphur  may  also  be  more  rapidly,  but  perhaps  less  cor- 
rectly estimated  by  igniting  in  a  plalnnum  crucible  a  mixture  of 
the  substance  to  be  examined  with  three  times  its  weight  of  nitre 
and  lour  times  that  quantity  of  pare  carbonate  of  soda.  When 
tiiis  method  is  employed,  the  fiised  mass  which  remains  in  the 
crucible  is  first  dissolved  in  water,  and  after  being  filtered  is 
rendered  acid  by  the  addition  of  either  nitric  or  hydrochloric  acid. 
The  filtrate  is  then  treated  with  a  sufficient  amount  of  chloride 
of  barium  as  above  described. 

«"*«■  mmiL  Hrdv^foi- — These  constituents  are  usually  eeti- 
nated  according  to  the  methods  employed  for  the  analysis  of 
oiganie  substances  ;  but  the  best  results  are  always  obtained  when 
a  quantity  of  matter  not  exceeding  five  grains  is  operated  on. 
Experience  also  shows  that  the  combustion  of  fuels  is  more  com- 
p^ly  effected  by  the  use  of  oxide  of  copper  than  when  chromate 

<  l»d  is  employed,  and  that  whenever  the  substance  bums  with 

<  Kculty,  as  in  the  case  of  coal,  and  more  particularly  of  anthrar 
t  e,  it  is  necessazy,  not  only  to  use  a  long  combustion-tube,  but 
1  0  a  certain  portion  of  dry  chlorate  of  po^h,  which,  after  being 
1  xed  with  oxide  of  copper,  is  placed  at  the  sealed  end  of  the 
i  )e  so  as  to  give  off  pure  oxygen  gas  towards  the  dose  of  the 

<  lution. 
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If iivasML— The  amomit  of  nitrogen  oontilned  in  a  fbel  eanni)! 
be  considered  of  much  practical  importance,  and  it  maj  thereTore, 
in  most  instances,  be  included  witii  the  oxygen :  if  ni^cessafj,  how- 
CTer,  it  can  be  easily  estimated  bj  the  method  of  Will  and 
Yarrentrapp.^ 

<^syvMi- — This  elenient  ia  inyaziablj  estimated  by  the  loss  ca 
analysis. 

TiHiiMgge  Bwpiiliiwis  In  most  instanceB,  the  calorifie  ^alu^ 
of  fnels  may  be  ascertained  with  sufficient  aocuraev  without  baTing 
recourse  to  an  acciurate  analytical  examination,  and  for  this  ptir- 
pose  the  process  en^kyed  by  Berthier  is  the  mos^t  ^mple,  and, 
at  the  same  time,  one  of  the  most  accurate. 

The  weight  of  substance  operated  on  may  be  about  fiTe  grains, 
and  the  greatest  care  should  be  taken  to  obtain  it  in  the  frae^ 
possiUe  state  of  ditiraon.     If  the  substance  be  brittle,  such  as 
cold,  coke,  or  charcoal,  it  is  easily  pounded  in  a  mortar^  and  afler- 
wards  sifted ;  but  if  it  be  a  yariety  of  wood  wMeh  is  to  be  ex- 
perimented on,  the  saw-dust  obtained  by  cuttmg  it  with  a  fine 
saw,  or  scratching  with  a  file,  should  be  employed.     Tliis  should, 
according  to  its  supposed  richness,  be  intimately  mijzed   with 
firom  150  to  250  grains  of  litharge,  and  placed  in  a  &nmll  earthen 
assay  omciblo.     On  this  is  pkced  from  100  to  150  grains  of  pufe 
litharge,  and  after  the  whole  has  been  shaken  down,  the  c^mcible 
ought  not  to  be  more  than  half  fuU,  in  order  to  allow  sufficient 
space  for  the  intumescence  of  the  mixture  wlion  in  a  semi-fluid 
state.    The  crucible  is  now  stopped  by  a  cover.  w3ueli  is  carefully 
luted  with  fire-clay  for  the  purpose  of  prerenting  any  fragm^ita 
of  coke  or  reducing  gases  from  the  fire  from  vitiating  the  result, 
and  the  whole  is  placed  in  an  assay  frimaoe  tdready  lighted,  and 
in  which  there  is  a  tolerable  supply  of  hot  coke.    Here  it  is  genUy 
heated  during  about  fifteen  or  twenty  minutes,  at  the  expiration 
of  which  time  the  contents  wiU  be  in  a  state  of  tranquil  fuBion. 
The  crucible  is  now  to  be  oorered  with  hot  coke,  and  the  drattght 
increased  by  means  of  the  damper,  in  order  to  caiise  the  whole  d 
the  reduced  lead  to  collect  in  the  form  of  a  button  at  the  bottom. 
Care  should  likewise  be  taken  to  prevent  any  loss  of  metal  bj 
volatilisation,  and  a  moderate  temperature  only  should  conse- 
quently be  empbyed.    This  will  usually  be  effected  in  about  ten 
minutes,  and  the  crucible  is  then  withdrawn  from  the  fire  and 
slightly  tapped  against  some  hard  body,  to  throw  down  an j  glo- 
bules which  might  remain  suspended  in  the  fVised  lith^ge.    After 
being  allowed  to  get  cold,  the  crucible  is  broken  and  the  button 

1  For  dinctioDS  relative  to  the  analjns  of  ox^ganic  iiibstAncc.4,  see  '*  Infftmc- 
tioiii)  in  Quaotitative  Chemical  Analysk,"  by  Dr.  C.  B*  Fr&sealus^  ?•  332|  &g. 
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of  lead  extracted,  and  from  its  weight  is  calculated  tlie  calorific 
▼aloe  of  the  fuel  according  to  the  data  given  at  page  175.  If 
the  operation  has  been  properly  conducted,  the  button  of  lead 
separates  easfl j  both  from  the  crucible  and  the  melted  litharge  by 
which  it  is  surrounded ;  but  in  case  of  anything  adhering  to  it, 
its  remoyal  is  readily  effected  by  first  hanunering  the  button  on 
an  anvil,  and  aftenraids  brushing  off  the  small  pirticles  sticking 
to  it  with  a  hard  hnish.  The  results  thus  obtained  from  different 
experiments  on  the  same  substance  will  be  found  to  agree  very 
doB^  with  each  othor.  But  on  comparmg  the  calorific  value  of 
a  tad  as  obtaiBed  by  tiie  litharge  process,  with  that  calculated 
from  its  ultimate  analysis,  the  former  is  found  to  afford  about 
ooe-ninth  less  than  those  obtained  by  the  latter  method*  This 
process,  therefore,  although  not  admitting  of  absolute  accuracy, 
18  soffieienily  exact  for  many  practical  purposes* 

The  exactitude  of  such  detenninati<ms  is  sometimes  also  slightly 
iaflaeiioed  by  the  presence  of  iron  pyrites  and  protosulphide  of 
iron,  both  of  which  exercise  the  same  reducing  infln^ice  on  the 
litbaige  as  thttt  produced  by  the  combustibles  themselves.  When 
heated  with  reducing  agents,  the  sulphur  of  these  substances 
escapes  in  the  form  of  sulphurous  acid,  whilst  the  iron  with 
whkh  it  was  combined  remains  with  the  litharge  in  the  state  of 
protoxide. 

These  reactions  determine  the  reduction  of  a  certain  quantity 
of  metallic  lead  which  interferes  with  the  experiment,  and,  to  a 
certun  degree,  vitiates  the  result. 

Allowance  for  this  source  of  error  is,  however,  easily  made  when 
the  quantity  of  sulphur  present  has  been  previously  determined ; 
iar  since  100  parts  of  pyrites  is  capable  of  reducing  to  the  metallic 
state  840  parte  of  lead,  and  the  same  amount  of  the  protosulphide 
win  reduce  720  parts  of  that  metal,  we  have  sufficient  data  from 
which  to  calculate  the  quantity  of  metal  due  to  these  impurities ; 
and  this  must  evidently  be  deducted  from  the  total  amount  ob- 
tuned  by  the  experiment.^ 

^  The  tiilpbiir  contained  in  coal,  lignite,  and  other  fnela,  which  lunne  not  been 
■tfected  to  A  strong  hest,  appeaift  iDYariablj  to  oeeur  in  the  fonn  of  iron 
pyxitea,  whilst  that  which  b  found  in  coke  and  other  charred  faels  is  reduced 
to  the  state  of  protosulphide  of  iron.  When  any  doubt  exists  as  to  the  state 
a  whkh  fhe  sulphur  occurs,  the  question  is  easilj  decided  by  adding  a  few 
iiopt  cT  hydrocUorie  add  to  a  Utde  of  the  powdered  fhd:  if  snlphtirctted 
fajnirogai  be  evolved,  it  is  a  proof  of  the  presence  of  the  protosulphide^  whilst 
the  revose  ahowi  that  the  sulphur  which  it  contains  does  not  occur  in  that 
Ibrm. 
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Thb  refractory  lining  of  Aimaoes  is  usually  compoBed  of  biid» 
prepared  from  various  compounds  known  by  the  name  of  fire- 
clays ;  although  less  frequently,  and  particularly  for  the  intemal 
casing  of  the  hearths  of  iron  furnaces,  certain  siliceous  sandstones 
are  sometimes  employed. 

Clays  are  essentially  composed  of  silica,  alumina,  and  water,  bat 
are  almost  invariably  more  or  less  mixed  with  other  bodies,  by  the 
presence  of  which  their  properties  are  considerably  modified.  Pare 
days  are  white,  opaque,  and  unctuous  to  the  touch ;  when  dried, 
they  present  an  earthy  fracture,  and  if  placed  on  the  tongue,  give 
rise  to  a  peculiar  sensation  of  dryness.  When  put  into  water, 
these  compounds  have  the  property  of  swelling  up  and  becoming 
suspended  in  that  liquid,  and  thiis  afford  ductule  tenacious  pastes, 
readily  admitting  of  being  moulded  into  any  required  form.  By 
calcination  at  an  elevated  temperature,  the  water  is  gradually 
expelled,  and  considerable  contraction  of  the  mass  takes  place. 
"Wlien  free  from  all  admixture  with  other  bodies,  days  are  in- 
iusible  at  the  highest  temperature  to  be  obtained  in  our  furnaces, 
but  they  sometimes,  when  thus  treated,  become  so  far  softened 
that  crucibles  formed  of  this  material  bend,  and  become  much 
deformed  under  the  pressure  of  the  tongs,  by  the  aid  of  which 
they  are  withdrawn  from  the  fire.  The  lustrous  aspect  frequentljr 
observed  on  breaking  a  pot  which  has  been  very  highly  heated  is 
also  an  indication  that  incipient  fusion  had  commenced,  and  is  in 
this  respect  analogous  to  the  appearances  observed  in  some  kinds 
of  pottery,  on  which  the  glazmg  has  been  applied  at  a  very  ele- 
vated temperature. 

It  was  formerly  supposed  that  clays  were  mere  admixtures  of 
silica,  alumina,  and  other  bodies  arising  from  the  gradual  disinte- 
gration of  the  rocks  in  the  vicinity  of  the  localities  in  which  they 
are  produced :  but  it  is  now  universally  admitted  that  they  aze 
defimte  chemical  compounds  of  silica,  alumina,  and  water,  and  that 
the  various  other  bodies  with  which  they  are  found  associated  are 
mere  mechanical  mixtures,  which  should  only  be  r^arded  as  im- 
piuities.  The  bodies  found  accompanying  clays,  and  in  a  state  of 
intimate  mechanical  mixture  with  them,  are  extremely  numerous ; 
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but  amonff  the  most  common  of  these  impurities  may  be  men- 
tioned oxide  of  iron,  carbonate  of  lime,  iron  pyrites,  graphite,  and 
▼arious  bitmninons  matters.  The  presence  of  these  substances 
materially  impairs  the  quality  of  the  days  in  which  they  are  found, 
as,  by  combiniug  with  a  portion  of  the  silica  present,  a  series  of 
frisilue  vitreous  compounds  are  produced.  The  degree  of  heat 
necessary  to  effect  the  fusion  of  these  substances  is  not  entirely 
dependent  on  the  amount  of  basic  matter  thus  brought  in  contact 
with  the  natural  silicate,  but  is  also  in  a  remarkable  mamier  in- 
fluenced by  the  nature  and  number  of  the  bases  themselves. 

In  this  way  a  clay  containing  a  given  amount  of  lime  is  found 
to  be  less  fusible  than  another  similarly  constituted,  except  that  a 
certain  portion  of  the  lime  is  replaced  by  an  equivalent  amount  of 
magnesia ;  and  if  three  or  more  bases  be  present  instead  of  one, 
the  compound  will  be  found  proportionately  more  easy  of  fusion. 
Among  the  purer  varieties  of  clay,  the  most  refractory  are  those  in 
which  the  proportion  of  silica  is  greatest;  and  reaches  its  maximum 
in  those  substances  which,  although  exhibiting  many  of  the  phy- 
sical properties  of  days,  can  scarcely  be  classified  among  them  on 
aoconnt  of  their  very  large  per-centage  of  silica :  such,  for  ex- 
cmple^  are  the  different  varieties  consis^g  of  the  siliceous  remains 
of  infbsoria,  commonly  known  by  the  name  of  rottenstone. 

Clays,  in  their  natural  state,  are  seldom  capable  of  fulfilling  the 
whole  of  the  several  conditions  which  may  be  required  of  them, 
and  it  therefore  becomes  necessary  to  make  such  additions  as  an 
accurate  analysis,  and  a  careM  comparison  of  the  results  with 
thofle  obtained  from  other  refractory  materials,  may  suggest.  At- 
tention to  this  subject  becomes  the  more  important  from  the  cir- 
cumstance that  many  varieties  of  clay  which  possess  the  requisite 
degree  of  infusibility  are,  when  subjected  to  a  rapidly  increasing 
change  of  temperature,  liable  to  split  and  fly,  from  the  too  great 
expansion  or  contraction  of  the  mass.  The  chief  additions  made 
in  this  case  consist  of  pure  siliceous  sand,  and  ground  and  pre- 
vionaly  burnt  fire-clay,  which,  without  increasing  the  fusibility  of 
the  compound,  has  i^e  property  of  rendering  the  baked  matmal 
IttB  liable  to  become  broken  through  the  too  rapid  application 
of  heat. 

The  examination  of  seven  varieties  of  fire-day  firom  the  neigh- 
bourhood of  Newcastle-on-Tyne,  where  an  extensive  trade  is  carried 
on  in  fire-bricks  and  clay  gas-retorts,  afforded  Br.  Richardson  the 
Mowing  results : — (See  next  page.) 

The  manufacture  of  refiractory  bricks  is  conducted  in  a  pre- 
cisely similar  way  to  that  of  those  employed  for  ordinary  building 

fire-day,  after  being  some  time  exposed  to  the  air,  is 
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cnished  under  a  pair  of  heavy  edge-etonee,  where  it  is  gioimd 
together  with  a  mixture  of  previoufilj-baked  day  of  the  same 
description,  until  it  has  been  reduced  to  the  state  of  coarse  powder. 
This  falls  tlm)ugh  a  hole  in  the  bedstone,  and  is  from  thenoe 
mounted  by  the  buckets  of  an  endless  ohain  into  a  large  cylindrioai 
siere,  by  which  it  is  divided  into  two  classes.  The  coarser  frag- 
ments which  remain  on  the  meshes  are  returned  under  the  edge- 
runners,  to  be  again  ground,  whilst  the  finer  particles  which  hare 
passed  through  the  apertures  are  conducted  by  an  endless  belt  to 
a  coftYenient  situation,  where  it  is  deposited  under  a  eontinQoiiB 
stream  of  water.  The  mixture  is  subsequently  incorporated  in 
a  pug-mill,  and  moulded  into  fire-bricks  in  the  way  adopted 
for  the  more  common  varieties  employed  for  building  purposes. 
A  man  and  boy  may  in  this  way  with  a  hand-mould  nuike  and  lay 
out  to  dry  1500  bricks  in  the  course  of  an  ordinary  day's  work. 
When  sidSiciently  dried  in  the  sun,  they  are  baked  during  five 
days  in  Idlns  containing  from  16,000  to  20,000.  A  ton  of  ooal  is, 
on  an  average,  requir^  for  the  baking  of  every  3,000  bricks, 
which  are  all  placed  lengthways,  and  separated  from  each  other  by 
about  a  finger's  breadth  in  order  to  allow  a  fi:ee  passage  between 
them  of  the  heated  gases  produced  by  the  combustion  of  the  fiiel, 
the  whole  of  which  is  consumed  at  the  extremity  of  the  pile 
fturthest  removed  from  the  chimney. 

CntciMes  are  commonly  manufiictured  either  by  working  the 
prepared  day  on  a  potter's  wheel,  similar  to  that  employed  in 
making  ordinary  pottery,  or  by  compressing  the  prepared  clay  in 
strong  bronze  moulds,  which  thus  communicates  to  the  mass"  the 
required  form.  Sometimes,  also,  although  more  rarely,  crucibles 
are  prepared  by  covering  with  the  hand  a  mandril  made  dther  of 
metal  or  hard  wood,  and  having  the  exact  form  and  dimensions  of 
the  internal  cavity  of  the  vessel  required.  To  be  perfect  in  every 
respect,  they  should,  in  the  first  place,  be  capable  of  resisting 
without  firacture  the  most  sudden  changes  of  temperature. 

They  should  also  be  infiisible,  be  unacted  on  by  the  substances 
which  are  to  be  fused  in  them,  and  lastly,  be  impermeable  to  both 
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IkpjuiB  tnd  eases.  It  would,  however^  be  impossible  to  prepare 
Tends  capable  of  fulfilling  all  these  conditions,  and  consequently 
it  is  generally  found  more  oonvenient  to  select  tbe  mixture  to  be 
empkyed  in  accordance  to  the  uses  to  which  it  is  to  be  applied, 
thjm  to  attempt  the  manufacture  of  pots  which  shall  be  applicable 
toereiy  sort  of  use. 

When  it  is  desired  to  prepare  crucibles  capable  of  withstanding 
Toy  sudden  chaDges  of  temperature,  the  pr^>ared  elay  is  inti- 
maidy  mixed  with  various  infosible  bodies  which  are  not  liable  to 
expand  on  being  strongly  heated.  These  substances  are  called 
oementB,  and  graierally  consist  of  siliceous  sand,  ground  flints, 
eakined  day,  graphite,  or  findy-powdered  coke. 

The  most  infusible  crudbles  are  prepared  from  days  containing 
^  laigest  proportion  of  silica,  and  in  which  the  amount  of 
lune  and  oxide  of  iron  is  extremely  minute.  The  invisibility  of 
day,  like  its  power  of  sustaining  sudden  changes  of  temperature, 
may  be  much  increased  by  a  judidous  admixture  of  cemenb, 
wbich,  from  forming  a  kind  of  infusible  ground-work,  prevents  the 
orudble  from  bdng  deformed  by  exposure  tp  a  temperature  by 
which  it  would  be  otherwise  destroyed.  The  most  efficient  cement 
for  the  purpose  is  graphite  or  finely-powdered  coke  added  to  the 
day  in  the  proportion  of  about  one-third,  since^  if  a  larger  amount 
were  used,  although  the  in^ihility  of  the  crucible  might  to  a 
oeridn  extent  be  increased,  the  carbonaceous  matters  are  liable  to 
become  ccMisumed  by  repeated  use,  and  the  crudble  is  by  this 
iBsaos  gradually  destroyed. 

The  ccmipoaitiDn  of  some  of  the  best  varieties  of  fire-day,  80 
Reduced  from  the  experiments  of  Berthior  and  Salvetat,  is  given 
in  the  toWowing  table  i — ^ 


i.ii 

,    BrierleyHin, 

¥ 

Grew  Almerode. 

m 

near 

1^-^ 

Diied«ft2l2^ 

Hygronetric} 
Water        ' 

Stourbiidge. 

Berthier. 

Salvetat 

Berthier. 

Berthier. 

Salvetat. 

Salvetat 

0-48 

0-60 

GonlibedWater 

16-2 

14-00 

19-0 

10-8 

17-34 

16-60 

SBea       .         . 

46-5 

47-60 
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63-7 

46-26 

46-79 

Afannfaui.         . 

84-9 

84-37 

27-0 

20-7 

28-77 

28-10 

OzidBonioii    . 

8-0 

1-24 

2-0 

4-0 

7-72 

6-66 

14-       .        . 

0-50 

0-47 

200 

KaSDoia.        . 

1-00 

Oditt  .        . 

Trace. 

1  Knapp's  Technology,  voL  iL  p.  866. 
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The  composition  of  several  different  kinds  of  munnfkctuTed 
crucibles  has  been  careftilly  examined  bj  Berthier,  whose  results 
are  arranged  in  the  following  tabular  form : — 


Place  of  HanufiEulan. 

Silica. 

Al<"nina- 

Oxide 

of 

Iron. 

1 
Mag- 
nesia. 

Crucibles  ftom  Groas  Ahnerode 

„    Pane        .... 
1,          „     Saveigniee,  near  Beaofoys  . 
„          „    England,  for  Casting  Steel . 
„          „    St  Etienne,  for  Do.   . 
Qlaas  Pots,  from  Nemooia 

„     Bohemia        .         .        . 

70-9 
64-6 
72-3 
61-0 
66-2 
67-4 
68-0 

24-8 
84-4 
19-6 
28-0 
26-0 
82-0 
29-0 

8-8 
1-0 
8-9 
4-0 
7-2 
0-8 
2-2 

0-6 

In  order  that  a  crucible  be  but  slightly  attacked  bj  the  bodies 
Aised  in  it,  it  is  not  onlj  necessary  that  the  particles  of  which  it 
is  composed  should  be  finely  divided  and  closely  compressed,  but 
also  that  it  should  have  but  little  affinity  for  the  substance 
operated  on. 

The  metals,  together  with  their  compounds,  with  the  exception 
of  the  oxides,  exert  little  action  on  crucibles  made  of  ordinary  fire- 
clay, although  galena,  together  with  some  other  substances,  has 
the  property  of  filtering  through  the  pores  of  earthen  carucibleB 
without  exercising  on  their  constituents  any  apparent  chemical 
action.  The  degree  of  facility  with  which  clay  pots  yield  to 
the  action  of  metallic  oxides  is  usually  tested  by  the  fusion  of 
Uthai^,  which  is  maintained  in  the  fluid  state  until  the  pot  be- 
comes pierced  by  its  corroding  action  on  its  sides,  when  the  lame 
necessary  to  produce  this  effect  is  noted  and  compared  with  similar 
results  obtained  with  other  varieties  of  crucibles. 

The  degree  of  fusibility  of  crucibles  and  other  refinctory  bodies 
is  best  ascertained  by  a  direct  experiment  conducted  in  the  fol- 
lowing manner : — ^A  piece  of  the  substance  to  be  examined,  and 
which  for  this  purpose  should  present  numerous  sharp  edges,  is 
heated  in  a  remustory  crucible  lined  with  powdered  charcoal  to 
the  fullest  extent  possible  in  a  large  wind  furnace.  The  pot 
and  its  contents  are  then  allowed  to  cool,  and  on  afterwao-ds 
breaking  it  and  slowly  examining  its  contents,  it  will  be  observed 
whether  or  not  the  thin  edges  of  the  broken  fragment  have  be- 
come rounded  or  rendered  translucent,  in  which  case  it  affords 
a  sufficient  indication  that  a  commencement  of  fusion  has  taken 
place. 

The  permeability  of  crucibles  by  liquids  is  best  determined  by 
filling  them  with  water,  and  noting  what  time  respectively  elapses 
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with  each  yarietj  before  any  appearance  of  dampness  can  be  per- 
oenred  on  the  outside. 

For  the  purpose  of  ascertaining  thdr  power  of  resisting  sudden 
chai^^  of  temperature,  crucibles  may  be  thrown,  without  any 
prefvious  annealiug,  into  an  intensely-heated  furnace  and  afterwards 
withdrawn  and  at  once  exposed  to  a  current  of  cold  air. 

Three  different  kinds  of  crucibles  are  used  by  assayers  in  this 
ooimtiT,  viz.,  the  Hessian,  the  London,  and  the  Cornish ;  and  of 
these  iiie  two  latter  are  the  most  extensively  employed. 

The  shi^pe  of  the  Cornish  pots  is  generally  inconvenient,  from 
their  great  flatness  at  the  bottom,  but  in  all  cases  where  great 
beats  are  to  be  employed,  and  sudden  changes  of  temperatures  to 
be  imdergone,  they  are  to  be  preferred  to  every  other  variety, 
excepting  those  manufactured  at  Beau&ys. 

The  stones  in  various  localities  employed  for  furnace  bottoms 
lie  chiefly  siliceous  sandstones  from  the  coal  formations,  free  from 
lime,  and  containing  but  small  quantities  of  oxide  of  iron. 
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IRON. 

Equiv.  =:  28.    Deiudty,  ss  7*8. 

Ibov  is  a  metal  of  a  blniBh-grey  ocJour  and  fibrooa  incbare,  but 
is  easily  made,  hy  polishing,  to  aoquijre  a  brilliant  surfiuse.  It 
possesses  greater  tenacity  tluin  any  known  metisl,  and  is  at  tbe 
same  time  the  haidest  of  those  wluch  are  malleable  and  dnc^. 
The  iron  of  commerce  is  not,  however,  chemically  pure ;  for,  be- 
sides containing  yariable  qualities  of  carbon,  traces  of  silicnim, 
sulphur,  and  phosphorus,  may  invariably  be  deteciied.  The  pre- 
sence of  these  substances  materially  influences  the  quality  of  the 
metal,  and  therefore  for  objects  requiring  great  nicety  of  constroc- 
tion  the  purest  varieties  are  alone  employed. 

These  impurities  may  be  removed  fiom  iron  by  the  following 
process.  Some  fine  iron  wire  is  first  cut  into  short  pieces,  and 
then  partially  oxidised  either  by  heating  it,  with  exposure  to  the 
air,  or,  which  is  still  better,  by  pas»ng  the  vapour  of  water  over 
it  at  a  red  heat  in  a  porcelain  tube.  This,  on  being  withdrawn 
from  the  tube,  is  mixed  with  a  small  quantity  of  pulverised  hard 
glass  and  placed  in  a  porcelain  crucible. 

The  crucible  is  then  enclosed  in  an  earthen  one,  to  which  a  cover 
has  been  luted  with  fire-day,  and  the  whole  is  placed  in  a  furnace, 
where  it  is  subjected  to  an  intense  white  heat.  By  this  treatment, 
the  small  quantities  of  foreign  matter  which  occur  in  the  metal 
are  oxidised  at  the  expense  of  the  oxide  of  iron,  whilst  the  excess 
of  the  latter,  together  with  whatever  amount  of  silica  may  have 
been  produced,  will  combine  with  the  vitreous  flux  and  form  a 
slag.  If  the  operation  be  properly  conducted,  a  button  of  metal 
will  be  found  at  the  bottom  of  the  crucible,  to  which  it  general^ 
adheres,  and  which  must  be  broken  in  order  to  detach  it.  The 
iron  thus  obtained  is  of  a  whiter  colour,  and  more  malleable,  than 
that  met  with  in  commerce,  but  possesses  less  tenacity  and  duc- 
tility than  before  its  purification. 

Pure  metallic  iron  is  also  to  be  obtained  by  passing  a  current  of 
hydrogen  gas  over  one  of  its  oxides  heated  to  a  proper  temperature 
in  a  porcelain  or  hard-glass  tube.  This  reduction  takes  place  at  a 
low  red  heat,  but  as  the  metal  produced  will  in  this  case  remain 
in  a  spongy  state,  and  therefore  very  readily  absorb  o^^gen,  it 
becomes  necessary  to  keep  it  entirely  fix)m  contact  with  tiie  air. 
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for  which  purpose  the  two  ends  of  the  tube  are  either  closely 
corked,  or  closed  before  the  blowpipe  when  still  full  of  hydrogen 
gu.  The  iron  so  obtained  has  the  property  of  absorbing  oxygen 
with  euxh.  extreme  rapidity  as  to  cause  the  ignition  of  the  whole 
msBS  on  the  remoyal  of  the  corks,  and  is  thereby  converted  into 
sesqoioxide.  When,  however,  the  experiment  has  been  made  at 
a  more  devated  temp«*ature,  the  reduced  iron  no  longer  possesses 
this  property,  and  may  be  fi^eely  exposed  without  danger  of  igni- 
tioQ. 

When,  instead  of  oxide  of  iron,  the  protochloride  is  thus  treated, 
the  reduced  metal  adheres  to  the  sides  of  the  reduction-tube  in 
tiie  form  of  a  brilliant  metallic  coating,  on  which  well-defined 
chIrcbI  crystals  of  metal  are  frequently  perceived. 

The  texture  of  commercial  iron  varies  according  to  the  nature 
of  the  processes  to  which  it  has  been  subjected  during  its  prepara- 
tion. A  piece  of  iron  which  has  been  equally  hanunered  in  every 
diieetion  will,  on  being  broken,  be  found  to  have  a  finely  granulao* 
stroctare ;  but  when  it  has  been  drawn  into  kmg  bars,  in  which 
fcrm  it  usually  comes  into  the  market,  the  texture  will  be  invari- 
sbhr  more  or  less  fibrous  in  the  direction  of  their  length.  Tliis 
nlkiness  of  appearance  is  most  distinct  in  the  better  varieties  of 
inm,  and  its  s^cture  is  therefore  one  of  the  best  indices  of  the 
qoatihr  of  the  metal.  By  skilful  management  this  peculiarity 
nay,  however,  be  in  a  certain  degree  imparted  to  the  oommoner 
TV^es,  and  it  is,  consequently,  unsafe  from  this  circumstance 
vkine  to  judge  of  the  value  of  iron.  It  is  also  found  that  the 
most  fibrous  variefses  do  not  retain  their  peculiarity  of  structure 
for  an  indefinite  time,  but  that  after  a  certain  period  the  grain  of 
tiie  metal  oflen  assumes  a  crystalline  appearance.  These  changes 
are  most  fipequently  observed  to  take  place  in  the  tension-rods  of 
Bospension-bridges,  and  in  other  situalaons  where  the  metal  is 
subject  to  constant  vibrations.  The  same  effect  is  also  produced 
\fj  friction,  and  for  that  reason  the  axles  of  locomotives  and  rail- 
way waggons  are  often  found  to  aequire  a  crystalline  structure, 
nd  are  thereby  rendered  harder  and  more  brittle  than  the  metal 
from  which  they  were  originally  made. 

In  order  to  melt  this  metal,  the  strongest  heat  of  a  wind  fur- 
nace is  required ;  but  when  combined  with  a  small  proportion  of 
carbon  its  fusion  is  more  readily  effected. 

On  cooling  melted  iron,  it  assumes  a  pasty  consistence  before 
taking  the  solid  form,  and  it  is  therefore  extremely  difficult  to 
oUain  it  in  a  crystallised  state.  When,  however,  large  masses 
are  allowed  to  cool  very  slowly,  as  sometimes  happens  in  the  case 
of  the  heavy  girders  which  support  the  sides  of  famaces,  distinct 
ia&ations  of  a  cubical  crystallisation  are  obtained.    At  a  full  red 
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beat  iron  may  be  bammered  into  any  required  form,  and  on  being 
heated  to  whiteness,  two  fragments  may  be  firmly  joined  together 
without  the  aid  of  any  kind  of  solder.  This  operation,  which  is 
called  widing,  is  effected  by  heating  two  pieces  of  metal  until  the 
exterior  is  in  a  semi-liquid  state,  and  then  quickly  uniting  them 
by  repeated  blows  from  a  heavy  hammer.  Considerable  expeii- 
ence  is  requisite  in  order  to  effect  this  object;  for  on  heating  iioo 
to  the  requisite  temperature,  it  becomes  externally  coated  with  t 
layer  of  oxide,  which  would  effectually  prevent  the  union  of  the 
two  fragments  if  not  previously  removed. 

To  prevent  the  formation  or  much  oxide,  as  well  as  to  combine 
with  that  unavoidably  produced,  a  little  siliceous  sand  is  often 
sprinkled  on  the  ends  ofpieoes  which  are  to  be  united  before  they 
are  placed  in  the  fire.  This  has  not  only  the  effect  of  combining 
with  any  portions  of  oxide  that  may  be  formed,  and  thereby 
removing  it  from  the  sur&ce  of  the  metal,  but  the  silicate  of  iron 
thus  produced  forms  a  kind  of  varnish,  which  effectually  preserreB 
it  from  any  frtrther  action  of  the  air. 

On  withdrawing  the  bars  from  the  fire,  this  is,  by  a  rapid  mo- 
tion of  the  mass,  shaken  off,  and  two  perfectly  clean  metallic 
surfaces  are  thus  brought  in  contact. 

Iron  and  nickel  are  the  only  metals  which  are  magnetic  at 
ordinary  temperatures.  If  a  mass  of  iron  be  either  brought  in 
contact  with,  or  placed  at  a  short  distance  from  a  natural  or  arti- 
ficial magnet,  it  becomes  itself  magnetic,  but  loses  this  property 
the  instant  the  exciting  magnet  is  removed.  When  iron  is  com- 
bined with  a  certain  amount  of  carbon,  it  is  known  by  the  name 
of  steel.  This  substance  is  much  less  susceptible  of  the  magnetic 
influence  than  ordinary  iron,  but  when  once  the  power  has  been 
communicated,  it  is  retained  for  a  considerable  time  after  the 
removal  of  the  magnet  from  which  it  was  acquired.  Permanent 
magnets  may  be  obtained  by  rubbing  a  bar  of  steel  either  with  a 
loadstone  or  an  artificial  magnet,  and  in  this  way  an  infinite  num- 
ber of  steel  bars  may  be  rendered  magnetic  without  at  all  dimin- 
ishing  the  power  of  the  bar  by  which  the  effect  has  been  produced. 
The  magnetic  power  of  iron  is  much  influenced  by  its  temperatme, 
as  the  magnetic  needle  is  but  little  affected  by  a  mass  of  that 
metal  when  made  red  hot,  but  in  cooling  it  will  be  found  to  gra- 
dually regain  its  magnetic  properties. 

Iron  may  be  indefinitely  exposed  to  the  action  of  dry  air,  or 
even  of  dry  oxygen  gas,  without  becoming  oxidised ;  but  if  the 
air  or  gas  contam  any  portion  of  wateiy  vapour,  the  surfiice  of  the 
metal  quickly  becomes  coated  with  a  layer  of  ruat.  This  is  pro- 
duced by  the  oxidation  of  the  sur&ce  of  the  metal  when  ei^iosed 
in  a  moist  atmosphere.    The  formation  of  oxide  is  also  much 
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accelerated  by  the  presence  of  carbonic  acid,  of  which  a  certain 
portion  is  alwa3r8  present  in  the  air ;  for  under  the  influence  of 
this  add  and  oxygen,  a  carbonate  of  the  protoxide  of  iron  is 
quickly  produced.  This  soon  absorbs  a  further  amount  of  mois- 
ture sod  oxygen  from  the  air,  and  is  thereby  converted  into 
hydiated  peroxide,  whilst  the  carbonic  add  which  is  evolved 
fiunlitates  the  oxidation  of  a  fturther  portion  of  metallic  iron. 
Wlien  a  spot  of  rust  has  made  its  appearance  on  a  piece  of  this 
metal,  the  oxidation  of  the  remaining  portions  is  found  to  be 
materially  affected  by  its  presence,  for  the  coating  of  peroxide 
fanned,  being  electro-negative  with  regard  to  the  metallic  iron 
which  is  beneath  it,  gives  rise  to  a  galvanic  action,  by  which  the 
metal  is  rendered  positive.  This  electric  condition  cf  the  metal 
so  far  increases  its  affinity  for  oxygen  as  to  enable  it  to  decompose 
water  at  ordinary  temperatures  with  the  formation  of  a  ftirther 
amoant  of  oxide  and  the  evolution  of  hydrogen  in  the  gaseous 
form.  Oxide  of  iron  thus  obtained  by  exposure  to  the  air  usually 
amtains  small  quantities  of  ammonia,  the  presence  of  which  in 
iron  rust  may  be  explained  as  follows : — The  water,  by  the  wd  of 
which  the  oxidation  is  effected,  contains  in  solution  a  certain 
amoant  of  air,  and  consequently  of  nitrogen  gas,  which,  by  unit- 
ing with  the  hydrogen  produced  by  the  decomposition  of  water, 
leads  to  the  formation  of  this  substance. 

The  formation  of  ammonia  in  ordinary  rust  of  iron  must  be 
ooiuddered  as  an  important  fact,  since  it  was  formerly  supposed 
that  its  presence  could  only  arise  from  the  decomposition  of 
animal  matter.  Whenever,  therefore,  ammonia  was  discovered 
in  nut  covering  the  blade  of  any  cutting  instrument  with  which 
a  crime  was  supposed  to  have  been  conmutted,  it  was  considered 
as  a  sure  indication  that  the  marks  produced  were  the  effect  of 
fpots  of  blood  remaining  on  the  weapon.' 

This  supposition  is,  however,  entirely  erroneous,  as  we  have 
just  seen  tibat  rust  caused  merely  by  exposure  to  a  damp  atmos- 
phere, in  most  instances  contains  traces  of  this  substance. 

When  iron  is  strongly  heated  and  exposed  to  the  air,  its  surface 
ii  quickly  covered  with  a  coating  of  black  oxide,  which,  on  being 
itrock  with  a  hammer,  easily  scales  off.  It  is  thia  property  of 
inn  which  causes  it  to  afford  sparks  when  struck  with  a  flint  or 
other  hard  body.  Under  these  circumstances,  small  particles  of 
inm  are  torn  off  by  the  flint,  which  produces  sufficient  heat  by 
friction  to  render  the  particles  of  the  metal  incandescent  on 

'  The  poneenoe  of  ammonia  may  be  detected  by  heatiog  a  portion  of  the  rust 
With  cniatic  potash  in  a  test-tabe,  when  the  characteristic  odour  of  the  volatile 
AlB  win  be  at  once  perodved. 
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oombining  with  the  oxygen  of  the  air,  and  by  allowing  these 
heated  particles  to  &11  on  any  easily  ignitable  substance,  socli  as 
tinder  or  amadou,  a  fire  is  eanly  obtained.  If,  instead  of  taDder, 
a  piece  of  paper  be  held  beneath  the  metal  during  the  time  it  is 
being  struck  by  the  flint,  its  surface  soon  becomes  covered  witii 
small  fragments  of  black  oxide  of  iron,  fused  into  minvte  globnleB, 
and  readily  attracted  by  the  magnet. 

Iron  is  attacked  by  hydrochloric  acid  with  the  fonnstion  of 
protochloride,  and  the  evolution  of  hydrogen  gas.  By  wesk  sul- 
phuric acid  it  is  dissolved  even  in  Hhe  cold,  hydrogen  gas  being 
at  the  same  time  given  off.  Concentrated  sulphuric  acid  ako 
attacks  and  dissolves  iron,  but  in  this  case  the  oxvgen  is  sappHed 
to  the  metal  at  the  expense  of  the  acid,  and  sulphurous  add  is 
evolved.  Nitric  add  attacks  it  with  the  evolution  of  abundimt 
nitrous  vapours ;  but  if  the  acid  be  very  dilute  the  iron  is  dis- 
solved without  any  apparent  escape  of  gas,  nitrate  of  protoxide  of 
iron,  and  nitrate  of  ammonia,  being  produced. 

For  the  purposes  of  the  arts,  iron  is  invariably  obtained  from  tiie 
native  carbonates  and  oxides  of  that  metal,  which,  together  witii 
various  less  important  ores,  will  be  hereafter  described. 

Ifatipe  w*m^ — The  existence  of  this  metal  in  a  native  stste  was 
for  a  looQg  time  a  matter  of  dispute  among  miofiralogists ;  but  it 
is  now  generally  admitted  that,  although  of  raze  occarrenee) 
apecimens  of  native  malleable  iron  have  been  occasionally  dis- 
eovered. 

At  the  mines  of  Kamsdorf  and  Eibestock,  in  Saxony,  Eusten 
and  Ldman  found  native  iron  forming  the  centres  of  stalac^om 
masses  of  brown  hematite.    The  same  phenomenon  baa  also  been 
observed  in  the  mountains  of  Guile,  near  Grenoble,  by  Sdireiber, 
who  adds  that  the  vein  which  traverses  Ghidss,  had  not  beep 
anciently  worked,  and  that  consequently  there  could  be  no  poesi- 
biiity  of  the  mei«l  having  been  at  a  remote  period  placed  in  the 
mine  by  human  agency.   The  lode  in  which  this  native  iron  oceois 
possesses  no  other  remarkable  peculiarity,  and  in  no  part  affords 
the  riightest  evidence  of  having  at  any  time  experi^[ioed  a  higb 
temperature.    From  the  ^pearance  of  specimens  of  the  iron  tm. 
Kamsdorf,  which  are  in  the  collections  of  the  Jardin  des  Flantes 
and  £c(de  des  Mines  of  Paris,  it  would  appear  that  these  metallic 
kernels  have  been  produced  hj  the  decomposition  of  a  portion  of 
the  oxide  in  which  they  are  imbedded;  but  m  what  way  this  chan^ 
could  have  been  effected  is  difficult  to  understand,  although  it  is 
well  known  that  somewhat  similar  transformations  are  occasionallj 
produced  by  electro-chemical  agency.^    This  native  metal  is  not, 

^  The  most  reasonable  method  of  explaimng  this  change  appears  to  be  bv 
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however,  ezacflj  like  ordinary  malleable  iron,  but  is  whiter, 
mare  ductile,  and  somewhat  less  dense  than  that  artificially 
obtamed. 

*«if  !«•■• — ^Native  iron  is  also  sometimes  formed  by  the 
spontaneous  ignition  of  seams  of  coal  in  the  immediate  vicinity 
of  fermgmous  d^)osits.  The  fragments  thus  produced  occur  in 
the  form  of  small  button  ingots  with  a  finely  striated  surface,  and 
are  usually  known  by  the  name  of  native  steel.  They  are  exces- 
me\j  hard  and  fine-grained,  and  when  broken,  present  a  fracture 
leflembling  that  of  ordinary  cast  steel.  A  mass  of  this  substance, 
weiring  16  lbs.  6  oz.,  was  discovered  some  years  since  by  M. 
MossifiT,  at  Labouiche,  near  Nery,  in  the  department  of  the 
Allier,  where  a  burning  seam  of  coal  had  formerly  existed. 

HmmtIc  itom. — Large  masses  of  metallic  iron  are  occasionally 
discoTered  on  the  surface  of  the  soil  in  different  parts  of  the  globe, 
whilst  others  of  similar  appearance  have  from  time  to  time  been 
obsenred  to  fall  from  the  atmosphere  in  the  meteoric  form. 

These  meteorites  are  easily  distinguished  from  the  masses  of 
terrestrial  iron  before  described,  both  by  their  structure  and  com* 
position,  as  they  not  only  invariably  contain  a  greater  or  less  pro- 
portion of  nickel,  which  never  occurs  in  the  ores  of  iron,  but  the 
metal  itself  is  usually  found  in  the  form  of  a  network  enclosing 
ciystals  of  a  substsuice  in  appearance  resembling  peridot,  but 
which  is  soluble  in  acids.  Meteoric  iron  is  always  covered  on  the 
suface  with  a  sort  of  black  siKceous  varnish,  which  effectually 
protects  the  exterior  from  the  rusting  action  of  the  atmosphere, 
although,  when  this  is  removed,  the  metal  is  as  easily  oxidised  as 
common  iron.  Above  twenty  different  masses  supposed  to  be  of 
meteoric  origin  have  been  enumerated  as  existing  in  various  parts 
of  the  world,  and  have  in  some  instances  furnished  the  inhabitants 
of  the  countries  in  which  they  are  found  with  the  materials  for 
making  knives,  spears,  and  other  instruments.  Among  the  most 
remarkable  is  that  discovered  by  Pallas  in  Siberia,  which  origin- 
aOj  weighed  about  1600  lbs. ;  that  of  Bahia,  in  Brazil,  weiglung 
14,000  lbs. ;  that  discovered  by  Don  Rubin  de  Celis  in  the  dis- 
trict of  Chaco-ChiaJamba,  in  South  America,  weighing  30,000  lbs. ; 
that  of  Elbogen,  in  Bohemia,  which  weighed  120  lbs.,  and  that 
of  Agram,  in  Croatia,  which  fell  from  the  sky  in  1750  in  the  pre- 
KDoe  of  many  witnesses.  Two  large  masses  of  native  iron  are  also 
OKntioned  by  Captain  Boss  as  occurring  in  Greenland,  and 


J  thst  the  whole  or  a  pordon  of  the  iron  fonnerly  eadsted  in  the  fonn  of 
inn  pyrites  (Insalphide  of  iron),  which,  becoming  oxidised,  not  only  produced  a 
flertaiD  amoant  of  the  solnble  sulphate  of  iron,  bat  also  generated  by  chemical 
*^Bn  an  electric  coirent  of  sufficient  power  to  precipitate  a  part  of  the  iron  in  tha 
mtaOictan. 
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several  othen  have  been  found  in  Africa^  as  weQ  aa  on  the  con- 
tinent of  North  America. 

The  composition  of  six  different  specimens  of  meteoric  iron  are 
given  below. 


Iron. 

Nickel.... 
Ck>balt.... 

Iron  fkYim 
Sflxriju 

Iroo  froon 
AgiBin. 

Inniftoiii 
Elbogen. 

Iron  from 
SuiUBoea. 

Iron  from  Iranftm 
Louimnna  AUcuna. 

KlAfKroth. 

Klainoth. 

John. 

Shepud. 

Toms. 

98-60 
1-20 
000 

96-60 
8-60 
000 

91*26 
8-70 
000 

91*40 
869 
000 

9003 
9*61 
000 

98-40 
6-62 
0-63 

Besides  these  masses  of  metallic  iron,  numerous  aerolites,  con- 
taining other  substances  in  addition  to  that  metal,  have  at  different 
times  fallen  from  the  atmosphere.  The  following  table  shows  the 
per-centage  composition  of  several  of  these  bodies  which  have  been 
examined  by  various  chemists : — 


1. 

2. 

8. 

4. 

6. 

6. 

Silica         .... 

48-26 

38-06 

46-00 

80-18 

88-90 

48-00 

Alumina     •        ■        < 

14-60 

8-47 

6-00 

8-82 

Magnesia   .        .        . 

2-00 

29-98 

1-60 

88-18 

82-00 

2200 

Lime 

9-60 

— 

7-60 

0-14 



0-50 

Oxide  of  Iron     . 

— 

4-90 

8600 

29-44 

31-00 



— 

1-16 

2-80 

Trace 

— 

0-25 

Potaah 

^— 

— 

^— 

0-27 

_- . 

.1. 

Soda 

— 

— 

— 

0-86 





Sulphur     . 

2-76 

2-70 

1-60 

0-39 



8-50 

Iron 

23-00 

17-49 



7-70 



29-00 

Nickel       .         .        . 

Trace 

1-36 



1-56 



Chromium 

"— 

— 

1-00 

— 

2-00 

0-60 

1.  A  stone  which  fell  at  Stannem,  in  Moravia,  on  the  22d  of 
May,  1808.    Analysed  by  Klaproth. 

2.  A  stone  which  fell  at  Kostritz,  in  Russia,  on  the  13th  of 
October,  1820.    Analysed  by  Stromeyer. 

3.  Analysis  of  a  stone  which  fell  at  Jouzac,  on  the  13th  of  June, 
1819.     By  Laugier. 

4.  Analysis  of  a  stone  which  fell  at  Chdteau  Kenard,  on  the 
12th  of  June,  1841.    By  DuiWnoy. 
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5.  Shows  the  composition  of  a  stone  which  fell  at  Chassignj, 
Dear  Langres,  on  the  3d  of  October,  1815.  Analysed  by  Yau- 
qaelin. 

6.  A  stone  which  fell  at  Lissa,  in  Bohemia,  on  the  3d  of  Sep- 
tember, 1808.    Analysed  by  EJaproth. 
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No  other  metal  is  so  universally  diffused  as  iron.  It  not  only 
exists  in  a  vast  variety  of  minerals  as  forming  one  of  their  essential 
ingredients,  but  is  so  constantly  present  as  an  adventitious  mix- 
tore  in  all  mineral  substances,  that  the  chemist  seldom  makes  the 
aoalysis  of  an  inorganic  body  without  detecting?  a  certain  portion 
of  this  metal.  As  a  constituent  of  organised  bodies  it  is  also 
otremely  common,  and  is,  in  various  forms,  present  in  all  ani- 
mals as  well  as  in  the  greater  proportion  of  vegetable  structures. 

A  detailed  description  of  the  various  ores  of  iron  would  require 
much  more  space  than  is  consistent  with  the  limits  of  the  present 
work ;  and  for  this  reason  such  only  will  be  noticed  as  are  most 
extensively  applied  to  the  purposes  of  the  arts. 

n^gMtfcimOM)  Feroxydvli;  Magneteiaenstein. — This  sub- 
stance, of  which  the  primitive  form  is  a  cube,  often  occurs  in 
octahedrons  and  dodecahedrons. 

It  possesses  a  cleavage  which  is  frequently  distinctly  parallel 
to  the  faces  of  the  octahedron.  It  is  brittle,  of  an  iron-black 
colour,  and  leaves  a  black  streak. 

This  ore  has  a  density  which  varies  from  5*0  to  5' 1,  is  strongly 
attracted  by  the  magnet,  and  sometimes  possesses  an  independent 
polarity. 

Its  chemical  composition  is  as  follows : — 

Iron  .         .         .  71-78 \  /Peroxide  of  Iron       .  69- 

Oxygen        .         .  28-22/    ^^   \Protoxide         .         .  31' 

Corresponding  to  the  formula  Fe804  or  FeaO^-J-FeO 

Magnetic  iron  occurs  in  granite,  gneiss,  mica-slate,  clay-slate, 
syenite,  hornblende,  and  chlorite,  as  also  less  frequently  in  lime- 
stone formations.  No  ore  of  iron  is  more  universally  dif^ised  than 
t^  oxide,  which  is  inferior  to  none  for  the  manufacture  of  iron. 
Nearly  all  the  Swedish  iron  is  obtained  from  this  ore,  which  also 
occurs  in  great  abundance  in  the  Island  of  Elba,  and  the  United 
States  of  America. 

SyccMiar  Mwmm }  Bed  Hematite ;  Fer  oligiste ;  Eisenghm. — This 
mberal  belongs   to   the  fourth  crystalline  system,  and  when 
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occQTnng  in  crystals,is  generally  found  in' complex  modific^ona  nf 
the  rhombohedron,  among  which  the  figures  ^ven  beneath  ait 
the  most  common. 


These  crystals  are  of  a  dark  steel-grey  colour,  opaque^  except 
when  in  very  thin  laminse,  in  which  case  they  are  translucent,  and 
of  a  deep  blood-red  tinge. 

It  leaves  a  cherry-red  or  reddish-brown  streak,  and  has  a  spe^ 
cific  gravity  varying  from  4*8  to  6 '3.  Pure  specular  iron  con^ts 
solely  of  peroxide  of  iron,  of  which  theper-centage  compoi&ittou  it 

Iron      ....     G9-34 1    p  _  i     ^   n 
Oxygen      .     .     .     3066  /  ^ ^™^^  Fe.0, 

10000 

Red  iron  ore  presents  several  varieties.  Fibrous  iron,  or  nd 
hematite,  occurs  in  fibrous  reniform  masses.  ^Vhen  the  ore  if 
amorphous,  and  does  not  present  any  intlicatrun  of  eolunmar  stme- 
ture,  it  is  termed  compactj  and  if  conttuiiiiiiited  with  argillaceous 
impurities,  it  is  known  by  the  name  of  red  oc^ire.  Micaccotis  iron 
is  specular  iron  with  a  foliated  structure,  Oligistic  iroUj  irm 
glance,  and  rhomhohedixil  iron,  are  merely  other  names  for  specular 
iron  ore.  Jaspery  day  iron  ore  is  an  ore  of  a  brownish-red  eoiouit 
with  a  large  flat  conchoidal  fracture.  It  is  very  compact,  and  h^ 
a  jaspery  appearance.  The  name  of  lentimbr  clay  iron  is  given 
to  this  substance  when  it  occurs  in  small  flattened  grains,  resemb- 
ling oohte,  as  at  Leitmeritz  and  Elbogen,  in  Bohemia. 

This  ore  occurs  both  in  crystalline  and  stratified  rocks,  but  the 
purer  varieties  are  always  foimd  in  the  older  formations,  whikt 
the  argillaceous  ores  are  commonly  met  with  in  secondary  rocks, 
BeautifiiUy  crystallised  specimens  are  obtained  from  the  island  of 
Elba,  where  iron  mines  were  anciently  worked  by  the  Bomans ; 
Also  from  St.  Gothard,  Arendal  in  Norway,  in  Sweden,  Framont 
in  Lorraine,  Dauphin6,  and  Switzerland.  Very  brilliant  crystals 
are  aMo  firequently  formed  by  subHmation  from  the  fissures  of 
volcanic  districts.  Fine  specimens  of  this  kind  are  procured  from 
StromboH  and  Lipari,  as  also  from  Etna,  Vesuvius,  and  Auvei^e, 
but  those  from  the  last  three  districts  are  usually  smaller  than 
those  coming  from  the  first-named  localities. 

Bed  hematite,  in  reniform  masses,  is  foimd  in  many  parts  of 
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ConiwaUy  at  Ulyerstono,  in  Lancashire^  in  Saxony,  and  various 
other  localities. 

Bed  hematite,  when  ground  to  powder,  is  sometimes  used  as  a 
pigment,  and  in  this  state  is  also  employed  for  polishing  metals. 

As  a  source  of  metallic  iron,  the  peroxide  is  of  great  importance, 
as,  from  its  various  ores,  a  considerable  portion  of  the  iron  manu- 
&ctnred  in  different  parta  of  the  world  is  obtained.  It  does  not, 
lumerer,  yield  so  la^  a  per-centage  of  metal  as  t]^e  magnetic 
oxide,  and  the  speeul^  varieties  have  the  disadvantage  of  being 
somewhat  refractory  in  the  Aumace.  This  inconvenience  is  ob- 
mted  by  a  judicious  mixture  of  other  ores,  when  they  yield  iron 
of  an  exoell^t  quality. 

Bnmn  Mrmm  Om9  Fer  oxydi  hydrate;  Eisengtein. — ^A  mineral 
of  a  iHTown  or  brownish  colour,  yielding,  when  crushed,  a  yellow 
powder.  Its  density  varies  from  3*8  to  42,  and  when  pure  yields 
^  per  cent,  of  metallic  iron.  It  usually  occurs  in  the  massive 
form,  bat  varies  in  structure  according  to  the  locality  in  which  it 
ia  produced. 

This  substance  is  a  hydrated  peroxide  of  iron,  and  is  chiefly 
confined  to  the  sedimentary  formations.  A  specimen  of  compact 
i»Dwn  hematite  from  the  Lower  !Rhine,  analysed  by  Yaoquelin, 
afforded  the  following  results : — 

Peroxide  of  Iron 8025 

Water  1600 

Silica 3-76 

9900 

This  per-centage  corresponds  to  two  atoms  of  peroxide  of  iron 
muted  with  three  equivalents  of  water,  and  its  formula  will  con- 
aeqoentiy  be  2Fe,0,+3HO. 

This  ore  is  fr^uently  found  in  pseudomorphic  forms,  among 
which  cubes  and  octahedrons  produced  by  the  decomposition  of 
iron  pyrites  are  the  most  conmion.  It  also  not  unfrequently 
occurs  in  rhombohedrons  formed  by  the  substitution  of  carbonate 
of  iron,  as  also  in  moulds  left  by  the  decomposition  of  shells  and 
madrepores,  whose  shapes  the  mineral  consequently  assumes. 

It  sometimes  also  forms  stalactites,  having  a  fibrous  or  compact 
Btroeture,  and  in  the  centres  of  these,  as  at  Oulle,  pieces  of  me- 
tallic iron  are  occasionally  discovered.  In  some  localities  this 
nuoeral  is  found  in  hollow  reniform  masses,  indoeing  in  their 
centres  loose  globular  fragments  of  the  same  substance. 

Pea  iron  is  one  of  the  forms  of  this  hydrated  oxide,  and  is  found 
lA  hu^ge  deposits  in  the  oolitic  formations,  where  the  grains  are 
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either  cemented  together  by  the  same  sabetaQcej  or  exist  as 
detached  bodies. 

This  mineral  often  occurs  in  an  earthy  state,  and  when  natur^T 
mixed  with  a  considerable  proportion  of  almninous  matter,  ac- 
quires a  peculiar  softness  of  texture,  and  is  known  by  the  name 
of  yelhw  ochre. 

This  ore  is  in  many  countries  one  of  the  most  plentiful  and 
valuable  or^  of  iron,  and  is  that  which,  in  the  oolitic  form,  sup- 
plies by  fan  the  greater  number  of  the  French  mm  works.  In 
that  stote  it  is  found  in  large  quantities  in  Normandy,  Berry, 
Burgundy,  Lorraine,  and  many  other  places ;  and  when  washed 
for  the  purpose  of  separating  tiie  lighter  impurities,  yields  an 
excellent  material  for  the  manuflBcture  of  iron.  It  is,  however, 
remarked,  that  whenever  the  beds  of  oolitic  iron  are  found  to 
alternate  with  calcareous  deposits,  the  metal  produced  i^  very 
brittle  (cold  short),  and  consequently  unfitted  K>r  many  purposes 
to  which  pure  iron  only  can  be  applied.  This  is  attribut^Hi  to  the 
presence  of  phosphorus,  derived  nom  the  organic  matter  al^ayi! 
present  in  chalk,  and  which  has  the  property  of  reudoring-  iron 
extremely  brittle,  even  when  present  in  very  minute  quantity. 

o^thito)  Fer  hydrooade;  Rubit^GUmimer — is  an  oxide  of  iron 
containing  one-half  the  amount  of  water  present  in  the  ordinary 
hydrated  ores.  This  variety  is  comparatively  rare,  but  occurs  m 
the  form  of  acicular  crystals  in  various  localities.  It  La  found 
associated  with  quartz  in  the  cavities  of  sandstone  at  Cliilon, 
near  Bristol ;  in  pure  black  crystals  at  St.  Just  and  Lostwithiel 
in  Cornwall,  also  at  Lake  Onega  in  Siberia,  and  at  Eiserfeld  in 
Nassau. 

A  specimen  of  this  substance  firom  St.  Just,  analysed  by  Thom- 
son, was  found  to  be  composed  of — 

Peroxide  of  iron 9170 

Water  850 


100-20 


This  corresponds  to  three  equivalents  of  peroxide  united  to 
two  of  water,  and  its  composition  is  therefore  represented  by  the 
formula  3FejO,+ 2H0. 

ImmPttUm)  Fer  iutfure;  Eisenkies,  crystallises  in  the  CTibie 
system  frequently  in  pentagonal  dodecahedrons,  also  in  octahe- 
dbrons  and  cubes,  more  or  less  modified.  Colour,  bronze-yellow, 
with  a  metallic  lustre ;  streak,  brownish-black ;  specific  gravity, 
from  4*8  to  5*1 ;  is  brittle,  and  strikes  fire  with  steel ;  does  not 
yield  to  the  kiufe.     The  cleavage  is  parallel  to  the  fisu^es  of  the 
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eobe  and  octahedron :  when  struck,  it  breaks  with  a  oonchoidal 
uneren  fracture.    It  consists  of — 

Iron 46-74 

Sulphur 54*26 

lOO-OO 

Or  two  atoms  of  sulphur  united  with  one  of  iron,  and  is  there- 
fore lepresented  by  the  formula  FeSf 

Some  of  the  more  common  forms  of  the  ciystab  of  this  sub- 
stance are  represented  below. 


Iron  pyrites  occurs  in  small  cubical  crystals  in  veins  and  in 
yarious  slate-rocks  and  coal  fields,  and  in  globular  concretions 
imbedded  in  indurated  clay  and  chalk. 

It  also  accompanies  the  ores  of  all  the  other  metals,  and  ex- 
tends from  the  oldest  primitiye  rocks  up  to  the  newest  alluvial 
(deposits.  It  usually  occurs  crystallised,  but  also  in  irregular 
masses  and  imitative  forms ;  replacing,  in  many  instances,  remains 
of  both  animal  and  vegetable  origin. 

The  crystals  from  the  island  of  Elba  are  extremely  large  and 
beautiful,  and  often  present  pentagonal  dodecahedrons  of  three  or 
finir  inches  in  diameter.  The  Cornish  mines  ftimish  cubes  of 
gigantic  dimensions,  and  very  perfect  octahedrons  of  equal  size 
aw  obtamed  from  Sweden.  Besides  occurring  in  all  districts  which 
poduce  other  metallic  minerals,  it  is  abimdantly  found  in  many  of 
the  coal  fields,  where,  by  its  oxidation  and  conversion  into  sulphate 
of  iron  (green  copperas),  it  sometimes  produces  sufficient  heat  to 
cause  spontaneous  ignition  of  the  coal  with  which  it  is  associated. 

Iron  pyrites  is  never  metallurgically  treated  for  the  sake  of  the 
m>n  which  it  contains,  but  is  frequently  employed  as  a  source  of 
iolphur  in  manu&ctories  of  alum  and  sulphuric  acid.  When 
Wted  in  the  burners  attached  to  sulphuric  acid  chambers,  good 
pyrites  yields  about  17  per  cent,  of  sulphur,  which  is  burnt  and 
ondised  in  the  usual  way  ;  but  the  sulphur  thus  obtained  always 
wntains  arsenic.  The  fixed  residue  which  remains  in  the  retort 
is,  after  being  withdrawn,  thrown  in  heaps,  and  there  oxidised  by 
wposore  to  the  air  in  a  moist  state.  The  sulphate  of  iron  thus 
femed  is  from  time  to  time  removed  by  hxiviation,  and  allowed 
to  collect  in  sunken  receivers,  from  which  the  solution  is  after- 
^vds  pumped  into  evaporators,  where  the  crystallisation  is  sub- 
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sequentlj  effectecL  A  pigment  known  by  the  name  of  eolcUhar, 
or  purple  brown,  is  obtained  from  the  nn<£s8olved  matters  remain- 
ing in  the  heaps.  This  mineral  (iron  pyrites)  frequently  oon- 
tarns  smaU  quantities  of  gold  and  silver,  but  these  are  seldom 
present  in  sufficient  proportion  to  allow  of  their  being  profitably 
extracted. 

WhitmWnm  Pyritcaj  Fer  suL/ure  Blanc;  SparJaes. — ^This  ore 
has  the  same  composition  as  common  iron  pyrites,  but  crystallises 
in  forms  derived  from  the  right  rhombic  prism.  The  colour  of 
this  substance  is  lighter  than  that  of  the  ordinary  variety,  and  it 
is  at  the  same  time  more  liable  to  spontaneous  decomposition.  It 
gives  a  brownish-black  streak,  and  possesses  a  density  vaxying 
from  4*65  to  490.  This  sulphide  frequently  occurs  in  radiated 
crystallised  masses,  which,  from  some  supposed  resemblance  to  the 
comb  of  a  cock,  is  called  cockscomb  pyrites.  Large  quantities  of 
this  mineral  are  found  imbedded  in  the  plastic  cky  of  the  brown 
coal  formations  at  Littmitz  and  Altsattel,  near  Carlsbad  in 
Bohemia,  where  it  is  employed  for  the  manufacture  of  sulphuric 
acid  and  alum.  It  is  a  mineral  of  frequent  occurrence  in  nearij 
all  our  mineral  districts,  and  is  often  found  in  delicate  stalactic 
concretions  in  the  mines  of  Cornwall. 

SEnflMtic  iMM  Pyvitca$  PyrUs  magniUque  ;  LeherJdes. — ^This 
variety,  which  is  much  less  common  than  the  foregoing,  is  some- 
times found  in  hexagonal  prisms  belonging  to  the  fourth  crystalline 
system,  but  more  frequently  exists  in  crystalline  plates,  as  at 
Konigsberg  in  Norway,  and  Andreasberg  in  the  Hartz.  Crys- 
tallised specimens  are,  however,  extremely  rare,  as  it  generally 
forms  amorphous  masses,  filling  the  fissures  of  certain  crystallised 
rocks.  It  has  a  specific  gravity  vaiying  from  4'6  to  4*65,  with 
a  colour  between  bron2se-yellow  and  copper-red^  and  leaves  a  dark 
greyish-black  streak.     Its  composition  is 


Iron      .         .         .         .         .         .      59-85 

Sulphur 40-15 


100-00 


This  is  found  to  correspond  to  seven  atoms  of  iron  and  eight 
of  sulphur ;  and  the  mineral  may  therefore  be  regarded  as  a  mixtoe 
of  the  protosulphide  of  iron  and  iron  pyrites,  of  which  the  for- 
mula will  be  Fe  Ss  -(-  6  Fe  S.  Although  less  common  than  the 
other  sulphides  of  iron,  the  granular,  compact,  and  massive 
varieties  of  this  substance  are  &r  from  rare,  and  as  it  is  usually 
found  associated  with  iron  pyrites,  it  is  sometimes  employed  in 
conjunction  with  that  mineral  for  the  manufacture  of  sulphuric 
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acid  and  solphate  of  iron,  but  is  not  found  in  sufficient  quantity 
to  be  extensively  applied  to  any  useful  purpose. 

Anoiical  irma  Prrites)  Pyrite  orsenicaU;  Mispkhd, — This 
mineral  is  frequently  associated  with  the  ores  of  tm,  and  either 
occurs  in  amorphous  masses  or  in  crystals  derived  firom  the  right 
rhombic  prism.  Its  colour  is  greyish  silver  white,  with  a  metallic 
histre,  and  granular  unequal  fracture.  Specific  gravity,  from  5*7 
to  6'2.  Streak,  greyish-black.  When  i^ed  on  charcoal  before 
the  blowpipe,  it  gives  off  copious  white  arsenical  fumes,  known 
by  the  characteristic  smell  of  garlic,  and  the  fused  button  that 
remains  attracts  the  magnetic  needle.  In  appearance  this  sub- 
stanoe  bears  a  certain  resemblanee  to  arsenical  cobalt  and  grey- 
nickel,  as  well  as  to  antimonial  silver,  but  may  easily  be  distinguished 
fit>m  them  by  tiie  magnetic  properties  of  the  button  produced  on 
chareoal,  wmch  in  the  case  of  the  other  minerab  enumerated 
does  not  a£B9ct  the  magnetic  needle.  Besides  this,  cobalt  com- 
municates a  blue  colour  to  borax  ;  nickel  gives  it  an  apple-green 
tint ;  and  from  antimonial  silver,  a  button  of  metallic  silver  is 
easify  obtained  when  heated  by  the  blowpipe  on  charcoal.  The 
composition  of  mispickel  is,  according  to  the  analysis  of  Ghevreul — 

Sulphur 20*182 

Aisenic 43*418 

Iron 34-988 


98*488 


It  follows  from  this  that  arsenical  pyrites  is  an  arsenio-sulphide 
of  iron,  represented  by  the  formula  Fe  S^  +  Fe  As2,  in  which  a 
portion  of  the  sulphur  of  ordinary  pyrites  has  been  replaced  by 
arsenic.  Mispickel  principallv  occurs  in  the  primitive  formations 
•oeompanying  ores  of  silver,  lead,  and  tin,  and  is  also  associated 
with  pyrites,  quartz,  and  blende.  It  is  exclusively  worked  as  an 
ore  of  arsenic,  as  from  it  the  greater  portion  of  the  commercial 
white  oxide  of  arsenio  is  prepared  by  sublimation.  Arsenical 
pyritea  is  plentifrd  in  some  of  the  mining  districts  of  Saxony, 
and  also  occurs  in  considerable  quantities  in  the  Hartz,  Bo- 
hemia, Sweden,  and  at  Huel  Unanimity,  and  other  Cornish 
mines. 

Jkmmmmmmm  Anenksal  Pyrites)  Fer  onemcdU  Axotome. — ^This 
is  a  comparatively  rare  mineral,  which,  although  generally  found 
asnorphoos,  sometimes  occurs  in  the  same  forms  as  the  foregoing. 
In  general  appearance  this  substance  resembles  mispickel ;  has  a 
^ecific  gravity  varying  from  7*1  to  7*4,  and  possesses  a  well  defined 
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deava^  parallel  to  the  base  of  the  prism.    According  to  the 
analysis  of  Hoi&nan,  this  substance  is  composed  of 

Sulphur I'M 

Arsenic 6599 

Iron 2806 

Gangue 217 

"9816 

This  corresponds  to  two  atoms  of  arsenic  united  to  one  equi- 
valent of  iron,  and  its  formula  will  therefore  be  Fe  Asi,  in  'wluch 
the  sulphur  of  ordinanr  iron  pyrites  is  replaced  by  an  equivalent 
amount  of  arsenic.  This  ore  is  found  associated  with  copper- 
nickel  at  Schladming,  in  Styria ;  with  serpentine  at  Beicheostan, 
in  Silesia ;  and  in  a  bed  of  spany  iron  at  Loling,  in  Carinthia. 

CTarbMHUe  •£  ir»Hf  Fer  catrhonaU ;  Eisenkalk — occurs  in  rhom- 
bohedrons  and  six-sided  prisms,  and  may  easily  be  mistaken  for 
carbonate  of  lime,  from  which  the  crystals  slightly  differ  in  the 
value  of  their  angles.  Is  more  commonly  massive,  with  a  foliated 
and  somewhat  curved  structure.  Sometimes  in  globular  concre- 
tions or  lenticular  masses.  Colour,  light-grey,  but  when  externally 
decomposed  becomes  dark-brown  or  nearly  black.  It  is  usually 
almost  opaque,  with  sometimes  a  pearly  lustre,  but  small  trans- 
parent crystals  have  been  found  in  the  neighbourhood  of  St. 
Austell,  in  Cornwall,  where  it  occurs  in  scalene  dodecahedrons. 
Streak  uncoloured.  Specific  gravity  from  30  to  3'85.  When 
pure,  is  composed  of 

Protoxide  of  Iron 61-37 

Carbonic  acid 3868 

10000 

It  is  consequently  a  carbonate  of  the  protoxide  of  iron,  and 
represented  by  the  formula  FeO,  COt.  Spathose  iron  is  found  in 
rocks  of  very  different  ages,  and  is  firequently  observed  to  aoecMn- 
pany  other  metallic  ores,  such  as  those  of  lead  and  copper.  Car- 
bonate of  iron  is,  however,  most  plentiM  in  gneiss  grauwacke, 
and  the  coal  formations.  The  beds  of  Styria  and  Carinthia  occur 
in  gneiss  ;  that  of  the  Hartz  ib  found  in  grauwacke ;  whilst  the 
English  deposits,  from  which  the  greater  portion  of  the  iron  manu- 
factured in  this  country  is  obtained,  are  exclusively  confined  to 
the  coal  formations.  This  mineral  is  frequently  extra^cted  from  the 
same  pits  by  which  the  coals  are  raised  to  the  surface,  and  ^tiier 
occurs  in  neniform  and  lenticular  septaria,  imbedded  in  the  day 
found  in  the  vicinity  of  the  seams,  or  forms  distinct  beds  alternating 
with  those  firom  which  the  coal  itself  is  extracted.    The  fadQitifiB 
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Urns  afforded  to  the  iron  manu&cturer,  bj  the  presence  in  the 
same  locality  of  the  ores  and  the  fuel  required  for  their  reduction, 
are  eridentlj  the  chief  cauBe  of  the  great  superiority  of  the  iron 
woiks  of  Ghreat  Britain,  and  the  low  price  at  which  that  metal  is 
produced.  The  principal  deposits  of  this  substance  in  the  united 
kingdom  are  those  of  Dudley,  the  products  of  which  are  chiefly 
lent  to  Liyerpool ;  those  of  Lanarkshire  and  Ayrshire,  in  Scotland ; 
and  those  of  Wales,  which  are  situated  on  the  sea  coast. 

All  coal  formations  do  not,  however,  produce  iron  ore ;  the 
Newcastle  district,  which  is  perhaps  the  richest  coal  field  in  the 
world,  yields  so  little  iron,  that  the  famacea  which  are  worked  in 
that  neighbourhood  are  principally  supplied  by  ores  brought  by 
sea  fit)m  a  considerable  distance.  The  French  coal  fields,  also,  do 
not  geDerally  yield  a  sufficient  amount  of  carbonate  of  iron  to 
Tmier  its  extraction  a  matter  of  importance ;  but  to  this  peculi- 
arity the  basin  of  Aveyron  is  a  remarkable  exception,  the  flourish- 
ing iron  works  of  Decazeville  being  supplied  both  with  ore  and  coal 
fiom  seams  in  their  immediate  neighbourhood.  The  ores  treated 
fiv  metallmgio  purposes  are  always  more  or  less  impure,  and  usually 
jield  from  24  to  35  per  cent,  of  metallic  iron.  The  following 
analyses,  of  which,  those  of  the  Scotch  varieties  are  by  Ck)lquhoun, 
and  the  French  by  Berthier,  show  the  composition  of  some  of  the 
more  common  ores  accompanying  the  coal  deposits.^ 
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Cro»- 
Baaket 

Clj'de 

Iron 

Woite. 

Airdrie. 

Breaaac. 

St. 
Etienne. 

CoboDkAcid. 

32-53 

80-76 

36-17 

26-6 

28-9 

38-4 

Fhotozideof 

Iron    . 

82-22 

88-80 

68-08 

860 

64-2 

41-8 

^Ma^aneee 

— 

0-07 

— 

0-3 

1-1 

4-1 

'lime      . 

8-62 

5-30 

8-33 

— 

0-3 

0-2 

,lUgn»U 

619 

6-70 

1-77 

1-6 

0-9 

0-3 

>«      .         . 

9-66 

10-87 

1-40 

26-6 

12-8 

12  3 

Aiomiiu.         . 

6-84 

6-20 

0-68 

11-8 

1-8 

3-2 

iPmxideoflioii 

1-16 

0*38 

0-23 

(Ciitwn    . 

2-13 

1^87 

3*03 

— 

— 

— 

Snlpimr.        . 

0-62 

016 

0-02 

— 

— 

^  SpedficGnvitj 

3-17 

8-22 

3-41 

3.22 

3-86 

8-25 

Ores  containing  small  quantities  of  manganese  are  found  to 
produce  excellent  iron  for  the  purposes  of  steel  manufacturing, 
wUkt  the  presence  of  a  large  amount  of  magnesia  is  usually  detri- 

1  Dufr&oy,  Traits  deMin^nlogifi,  vol.  iL  p.  604. 
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mental  to  the  quality  of  the  metal  obtained :  when,  however,  it  ia 
merely  present  in  small  quantities,  together  with  a  portion  of  lime, 
it  tends  to  liquify  the  slags,  and  is  therefore  rather  adTantageous. 

CttvMMe  iTMiy  Fer  chvmS;  ^tiienc^rom— crystallises  in  the 
cubic  system,  and  is  sometimes  found  in  octahedral  crystals  with- 
out distinct  cleayage.  Commonly  occurs  in  the  massive  form,  is  of 
an  iron-black  or  brownkh-black  colour,  and  when  broken  presents 
a  dull  uneven  sui^aoe.  It  is  slightly  attracted  by  the  magnefe, 
has  a  dark-brown  streak,  and  a  density  varying  £n)m  4*3  to  4'5. 
When  fused  with  borax  before  the  blowpipe  this  mineral  com- 
municates a  fine  green  colour  to  the  button.  The  beautiful  greoi 
colour  of  the  emerald  is  due  to  the  presence  of  oxide  of  chromiom. 

Chrome  iron  appears  to  be  essentially  composed  of  protoxide  of 
iron,  alumina,  and  sesquioxide  of  chromium ;  but  as  the  two  oxides 
are  isomorphous,  they  replace  each  other  in  various  proportions. 
A  specimen  of  crystallised  chrome  iron  from  Baltimore,  U.  8., 
analysed  by  Abich,  afforded  the  following  results — 

Oxide  of  diromitm& 60O4i 

Protoxide  of  irott 20I3 

Alumina 11-85 

Magnesia 7*45 

99-47 

Chrome  iron  is  ordinarily  found  in  veins  traversing  serpentine 
rock,  and  occurs  in  Styria  and  the  Shetland  islands,  where  it  is 
obtained  in  sufficient  quantity  to  render  it  an  article  of  export. 
Octahedral  crystals  have  been  meet  with  in  New  Jersey,  but  in  its 
other  localities  it  is  found  in  the  massive  state  only. 

Amorphous  chrome  iron  is  obtained  in  France,  SQesia,  Boheooia, 
and  Greenland.  Is  principally  em][doyed  in  the  arts  for  the  pur- 
pose of  making  chromate  and  bichromate  of  potash,  which  are 
used  in  the  manu&cture  of  various  red  and  yellow  pigments.  For 
this  purpose  chrome  ore  in  fine  powder  is  heated  in  a  reverberatory 
furnace,  carbonate  of  potash,  mixed  with  a  portion  of  nitre,  is 
occasionally  added,  and  the  mass  constantly  stirred  to  ^dlitsate 
the  oxidation. 

By  this  means  chromic  acid  is  produced,  which,  uniting  with,  a 
portion  of  the  potash  present,  forms  an  impure  chromate  of  potash 
contaminated  with  a  certain  amount  of  the  silicate  and  alunmiate 
of  the  same  base.  On  removing  the  roasted  mass  from  the  fur- 
nace it  is  lixiviated  with  hot  water,  which  dissolves  out  the  whole 
,  of  the  soluble  alkaline  salts.  To  this  solution  a  slight  excess  of 
nitric  acid  is  added,  which  not  only  precipitates  the  silica,  but  by 
imiting  with  one-half  its  potash  converts  the  neutral  chromate  into 
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tii0  fcoduomate,  and  this  being  much  less  soluble  than  the  chro- 
mate,  is  easilj  separated  by  crystallisation.  This  salt  is  purified 
by  a  second  crys^llisation. 

Tmm^mmtm  m£  MM9m$  Scheelin  ferrugini ;  Wdfram. — ^A  mineral 
of  a  bfown-blaek  or  iron-black  colour.  Occurring  either  in  crys- 
tals derived  from  the  rectangular  or  right  rhombic  prism,  or  in 
masMs  which  are  distinctly  lamellar  in  one  direction.  It  is  also 
aometinies  found  in  peeudomorphous  forms  imitative  of  tungstate 
of  lime.  Streak,  brownish-black.  Density  from  6*3  to  6'8. 
Clflavage  tolerably  perfect  in  the  direction  of  the  lamins.  A 
ipedmen  from  Limoges,  analysed  by  Ebelmen,  gave  the  following 
rbdUb: — 

Tnngstio  Acid 72'20 

Flrotozide  of  Iron 19' 19 

"          Manganese      ....  4*48 
-80 

96-67 

This  and  other  analyses  show  this  substance  to  be  a  double 
tangstate  of  iron  and  manganese  (Fe,  Mn)  O  -(-  WO9,  but  as  the 
protoxides  of  these  metals  are  isomorphous,  they  are  capable  of 
iq^ladng  each  other  in  all  proportions. 

Wdfinim  generally  accompanies  tin,  particularly  in  Cornwall, 
vfaen  in  many  places  it  occurs  in  such  quantities  as  to  materially 
defcraot  from  the  value  of  the  ores  witii  which  it  is  associated. 
It  IB  also  fi>imd  in  the  tin  mines  of  Bohemia,  as  well  as  in  Green- 
]ind,Sibeiia»  and  at  Limoges,  in  Prance.  This  mineral  has  been 
leeeitiy  employed  for  the  purpose  of  making  tungstate  of  lead, 
wbich  IB  intended  to  be  used  as  a  pigment  incSead  of  the  ordinary 
csrixmate  at  present  in  common  use. 

larncATioif  op  ibok,  asd  its  sspasatiok  itsoh  otheb 

ICBTALS. 

For  the  purpose  of  analysis,  iron  is  almost  invariably  weighed 
ia  tiie  state  of  peroxide,  from  the  weight  of  which  the  amount  of 
AeiaDic  iron  is  easily  deduced  by  calculation.^  When  this  oxide 
IDBts  ready  formed  in  a  liquid,  it  is  best  precipitated  either  by 
ttBKnua  or  its  carbonate,  care  being  taken  not  to  operate  on  a 
,«iU  solution,  as  in  that  case  the  oxide  will  be  deposited  as  a 
J^drated  gelatinous  mass,  extremely  difficult  to  punfy  by  wash- 
ii^.  When,  on  the  contrary,  iron  is  present  in  the  form  of 
^  Peroxide  of  faon  jlelde  70*0  per  cent  of  metalUc  iron. 
P 
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protoxide,  it  is  necessary  before  precipitation  to  convert  it  wk 
peroxide.  This  may  be  effected  either  by  the  addition  of  nitik 
acid,  and  the  subsequent  ebullition  of  the  solution^  or  by  paiaof 
through  it  a  current  of  chlorine  gas.  In  the  httter  ea^eik 
excess  of  chlorine  is  expelled  by  boiling,  ajid  the  o^de  of  inn 
afterwards  precipitated  by  ammonia.  The  oxidiition  of  protod^t 
of  iron  may  also  be  produced  by  boiling  the  Liquor  in  wkiib  it  19 
contained  with  hydrochloric  acid  and  a  Httlc  chlorate  of  potuk 
In  this  instance  the  oxidation  is  caused  by  the  mutual  deooor 
position  of  hydrochloric  acid  and  chlorate  of  potash^  by  whidi 
chlorine  being  set  free,  produces,  from  its  great  aMnity  for  li jdro* 
gen,  the  peroxidation  of  the  iron  present.  When  great  aimliiscil 
exactitude  is  required,  it  is  often  found  adraiitageous  to  predpi" 
tate  iron,  either  by  the  succinate  or  benzoate  of  ammonia,  m^ 
of  employing  the  caustic  alkali.  These  reagents  precipitati 
oxide  of  iron  much  more  completely  than  ammonia ;  for  if  thai 
substance  be  added  in  excess,  a  small  portdon  of  the  se^uioiidi 
at  first  precipitated  is  redissolved  in  the  pTveipitant^  and  tiii 
result  obtained  to  a  certain  extent  vitiated.  The  precipitiii 
succinate  or  benzoate  of  iron  is  first  deeom]>og^d  by  bealqfl 
in  a  platinum  crucible,  and  then  weighed  in  the  st^te  of  pi^ 
oxide. 

It  sometimes  happens  that  the  operator  h  obliged  to  ihi^ 
down  the  sesquioxide  by  the  use  of  caustic  potatiih  added  in  eicair: 
When  this  is  done  the  precipitate  invariably  nrtaiiis  traces  of  tin 
precipitant  which  can  only  be  removed  by  long  contiimed  washiaf , 
m  distilled  water.    Should  the  quantity  of  iron  present  be  hrp,- 
the  precipitate  first  obtained  is  most  readily  freed  irom  ptad^ 
by  redissolving  it  in  dilute  hydrochloric  acid,  carefully  neutralii- 
ing  by  ammonia  and  subsequent  precipitation  by  the  Buccinate  or 
b^Qzoate  of  that  alkalL     When  the  solutiDn  contains  orgsuoo 
matter,  such  as  sugar,  starch,  or  certain  of  the  vegetable  m^^ 
the  peroxide  present  is  no  longer  precipitable,  cither  by  ammoiutf 
or  its  carbonate,  and  must  in  that  case  be  treated  \yith  sulpbidi 
of  ammonium,  which  precipitates  the  whole  of  the  iron  in  ^ 
form  of  sulphide.     To  obtain  the  iron  in  the  state  of  sesi^uiojide^ 
this  precipitate  should  be  thrown  on  a  filter  and  carefully  waaheij 
care  being  taken  to  add  a  small  quantity  of  eulphide  of  ammonniil! 
to  the  water,  to  prevent  the  formation  of  soluble  sulphate  of  iroOi 
which,  if  produced,  would  pass  through  the  iilter  and  be  loi^ 
When  sufficiently  washed,  the  matter  remaining  in  the  filter  * 
dissolved  in  hydrochloric  add,  the  iron  peroxidised  by  one  of  i 
methods  above  described,  and  precipitated  eitlier  by  suecinate 
benzoate  of  ammonia. 

Iron  is  separated  fix>m  the  alkalies  either  by  ammonia  or  : 
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BQCcinate.  The  same  meaos  are  also  employed  for  the  pnrpose  of 
separating  that  metal  from  the  alkaline  earths;  but  in  liiis  case  it 
is  necessary  to  be  Tery  particular  that  the  ammonia  employed  be 
perfectly  caustic,  as  should  it  contain  any  traces  of  carbonic  acid, 
the  precipitate  necessarily  becomes  contaminated  by  the  carbon- 
ates of  the  alkaline  earths  present  in  the  solution.  When  oxide 
of  iron  is  to  be  separated  from  magnesia,  it  is  necessary  to  add 
such  a  quantity  of  chloride  of  anmionium  to  the  liquor  as  will 
present  the  precipitation  of  that  earth  by  ammonia.  K,  however, 
the  solution  to  which  ammonia  is  to  be  added  contains  much  free 
hydrochloric  acid,  the  addition  of  sal-ammoniac  will  be  unneces- 
saiy,  as  a  sufficient  amount  of  this  salt  to  keep  the  magnesia  in 
solution  will  be  formed  on  adding  the  ammonia. 

Iron  is  separated  from  alumina  by  first  converting  it  into  a  salt 
of  the  peroxide,  and  afterwards  precipitatins^  by  an  excess  of  pure 
caustic  potash.      By  ebullition,  the  alumma,  which  is  at  first 
thrown  down  with  the  oxide  of  iron,  is  redissolved,  and  the  latter 
will  alone  be  precipitated.     This  is  separated  from  the  liquor  by 
filtration  whUe  still  hot,  and  the  alumina  subsequently  obtained 
from  the  filtrate  by  first  adding  an  excess  of  hydrochloric  add, 
and  afterwards  precipitating  by  carbonate  of  ammonia.     The 
separation  of  iron  from  manganese  is  effected  by  the  same  reagents 
as  are  employed  for  its  precipitation  from  solutions  contaming 
salts  of  magnesia.     The  liquor  is  first  evaporated  with  nitric  acid, 
by  which  the  iron  present  is  peroxidised,  whilst  the  manganese, 
mm.  the  instability  of  the  salts  of  its  higher  oxides,  remains  in 
the  form  of  protoxide.    If  sufficient  hydrochloric  acid  be  not 
present,  sal-ammoniac  is  now  added  to  prevent  the  precipitation 
of  oxide  of  manganese  by  ammonia,  and  the  sesquioxide  of  iron 
18  thrown  down  either  by  succinate  or  benzoate  of  ammonia,  or  by 
caustic  ammonia.    The  precipitate  is  then  separated  by  filtration, 
and  the  manganese  thrown  down  in  the  state  of  sulphide  by  the 
addition  of  sulphide  of  ammonium.    This  is  afterwards  dissolved 
in  a  little  dilute  nitro-hydrochloric  acid,  and  precipitated  by  car- 
bonate of  soda  in  the  form  of  carbonate,  which,  by  being  stronglv 
heated,  is  converted  into  the  red  oxide  of  manganese,  in  whicn 
fofm  it  is  weighed.    Iron  may  also  be  readily  separated  from 
manganese  by  another  process  dependent  on  the  instability  of  the 
salts  farmed  by  the  higher  oxides  of  the  latter  metal.   A  solution 
eontaiiiing  salts  of  peroxide  of  iron  is  (when  it  contains  much  tree 
add)  of  a  light  ydlow  colour ;  but  if  ammonia  or  carbonate  of 
aoda  be  gradually  added  it  slowly  becomes  darker,  and  ultimately, 
b^ire  any  portion  of  the  oxide  is  deposited,  assumes  a  dark-brown 
colour.     If  at  this  point  the  liquor  be  heated  to  ebullition,  the 
whole  of  the  oxide  of  iron  is  deposited,  and  a  dear  fluid  will 
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remain,  which  contains  the  salts  of  the  protoxide  of  man^ 
The  oxide  of  iron  is  now  to  be  removed  by  filtratioii,  and  iA»\ 
manganese  thrown  down  by  boiling  with  an  exce^  of  the  predpi- ' 
tant  originally  employed.  If,  after  the  deposit  of  the  oiide  ^J 
iron,  the  filtrate  should  still  remain  slightly  coloured,  a  few  d^ps 
of  the  solution  of  carbonate  of  soda  are  to  be  c&utiouilT  add^. 
and  the  liquor  again  boiled  to  s^arate  the  last  trAces  of  boo. 
With  carenil  manipulation  this  method  may  be  made  to  afiorl 
results  sufficiently  accurate  for  all  commercial  pur|)ose«,  n  tk 
oxides  having  the  general  formula  B^Os,  are  far  we^dcer  bases  thir 
those  represented  by  BO,  and  consequently  ^dw  eon^idemlfL 
latitude  before  the  precipitation  of  the  latter  begioi  to  take^  pluv 
Where  extreme  accuracy  is,  however,  required,  the  separaticm  it 
most  advantageously  effected  by  the  use  of  ather  succinate  or 
benzoate  of  ammonia,  added  with  the  precautions  before  desciibed. 

ASSAY  OF  IROK  OBES. 

Aypanfi. — For  the  assay  of  iron  ores  a  wind  fixroaoe,  of  the 
form  shown  in  fig.  101,  is  required.  This,  in  order  that  it  msf 
have  a  good  draught,  must  be  connected  with  a  chimney  of », 
least  thirty  feet  in  height,  and  care  should  be  taken  that  no  coUj 
air  be  admitted  into  the  flue  by  means  of  openings  bdonging  ^ 
any  other  fire-place.    Wind  furnaces  are  usually  built  of  sudi  ^ 

size  that  four  assays  may  be  made  li 
the  same  time,  by  which,  not  ooif 
a  better  heat  is  obtained,  but  iN 
loss  of  time  and  fiiel  attendant  (A  iW 
alternate  heating  and  cooling  of  i 
lai^  mass  of  brick  -  work  is  to  ^ 
great  extent  avoided.  Agoodaaefci^ 
such  a  furnace  is  14  inches  sqnai^ 
and  2  feet  in  depth  from  the  unddi 
side  of  the  cover,  «  y,  to  the  mofe* 
able  bars  of  iron  which  fonn  ftj 
^te  :  these  should  be  made  of  1] 
mch  iron,  and  rest  on  two  fixed  I'aw 
built  into  the  masonry  of  the  fontas 
for  that  purpose.  The  ash-pit>  e,  i 
slightly  raised  from  t^e  floor -lini 
for  the  convenience  of  withdrawiiH 
the  incombustible  cinder  which  M 
through  the  bars ;  and  the  openini 
d,  serves  for  the  insertion  or  ^tl 
drawal  of  the  bars  which  oonstita* 
the  grate.   The  chinmey,  b,  may  be  of  almost  any  convenient  &A 
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lUOTided  it  is  sufficiently  large ;  but  when  its  area  is  less  than  one- 
lialf  of  that  of  the  fire-place,  A,the  draught  is  seldom  to  be  depended 
OL  The  quantity  of  air  passing  through  the  apparatus  is  regu- 
hM  by  a  damper,  a,  fixed  in  the  chimney  in  an  iron  frame,  and 
]daoed  at  a  oonyenient  distance  from  the  ground.  This  is  opened 
a&d  shut  by  means  of  a  projecting  iron  rod,  and  serves  for  regu- 
himg  the  heat  of  the  furnace.  When  used,  the  mouth  of  the 
katth  may  be  closed  either  with  an  iron  cover  lined  with  fire- 
Incks,  or  by  an  ordinary  fire-tile,  ef.  In  some  instances  furnaces 
of  this  kind  are  externally  lined  with  thick  plates  of  cast  iron, 
which  being  strongly  bolted  together,  add  greatly  to  the  soHdiiy  of 
fte  i^yparatus,  and  at  the  same  time  prevent  its  being  cooled  by 
tite  entrance  of  cold  air  through  the  fissures  which  are  liable  to 
occur  between  the  joints  of  brick-work  when  not  thus  protected. 
The  distance  allowed  between  the  bars  will  depend  in  a  great 
Vieaeare  botb  on  ihe  draught  and  the  character  of  the  fuel  which 
is  to  be  employed,  as  when  charcoal  is  used  it  is  liable  to  crumble 
icd  &U  into  the  ash-pit,  if  the  space  between  the  srate  be  tod 
Inge.  If,  on  the  contrary,  they  are  placed  too  closdy  together, 
^  passage  of  the  air  is  impeded,  and  the  heat  of  the  furnace  is 
ttnsequentlynot  kept  up.  Coke  is  the  fuel  most  commonly  em* 
|%ed  in  such  furnaces,  and  a  convenient  distance  for  the  bars  is 
A  that  case  {  of  an  inch ;  but  if  a  mixture  of  coke  and  eharooal 
|le  used,  the  grate  should  be  a  little  closer.  These  arrangements 
1^  however,  easily  made  even  after  lighting  the  furnace,  as  a  bar 
i^SD  be  withdrawn  with  a  pair  of  tongs  through  the  aperture,  d, 
I  ttd  1^  distances  of  the  others  afterwards  regulated. 
,  The  above  fiimaoe  should  be  accompanied  with  an  assortment 
'of  difibent  kinds  of  tongs  to  be  employed  for  various  purposes, 
p'orchaiging  lumps  of  charcoal  into  hollow  places,  and 
Amoving  hot  crucibles  after  their  withdrawal  from  the 
ftie,  that  of  the  form  represented,  fig.  102,  will  be 
Mund  convenient.  Another  kind  of  tongs  intended 
^  removing  a  crucible  from  the  fire,  either  by  grasp- 
it  in  the  bent  part,  or  by  taking  one  of  its 
I  between  the  jaws,  is  represented  by  fig.  103.  Fig. 
is  of  a  difiBsrent  form,  and  chiefly  employed  for 
oncovered  crucibles,  as  it  is  only  adapted  for 
hold  of  the  sides  of  the  vessel.  Ail  these 
are,  however,  straight,  and  rather  short  in 
handles,  and  consequenSy  merely  adapted  for  re- 
bodies  from  the  fiimaoe  when  not  very  highly 
For  this  reason,  if  they  be  employed  for 
cradbles  from  a  wind  furnace  of  the  kmd  just  described,  it 
be  found  necessary  to  allow  it  to  cool  for  at  least  an  hour 
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after  the  aflsajs  are  completed  before  the  cmcibleG  can  k  m^* 
drawn.  To  obviate  this  inconyemence,  and  prevent  loss  of  bmt 
the  tongs  represented,  fig.  105,  are  oonvenientlj  employed.  Thtse 
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being  long  in  the  handles,  and  provided  with  very  strong  bent 
jaws,  may  be  used  as  soon  as  the  cracibles  are  gufficientlj  ki^ 
ened  to  bear  removal ;  but  as  at  this  stage  the  furnace  m  eiti^melr 
hot,  it  is  sometimes  difficult  to  look  into  the  fire,  in  order  to  ^et 
where  to  apply  the  tongs.     This  incoiiveBi^ 
ence  is  much  lessened  by  Ti«in^  a  wco^^ 
shield,  represented  by  fig,  106,  in  whidi  a  s 
a  small  rectangular  hole  into  which  a  pitn^ 
of  common  window-glass  is  in^ierted,  jmd  t  ^ 
handle  by  which  it  may  be  hdd  before  i^ 
face  of  the  operator.     When  this  shield  i^ 
employed,  it  should  be  held  before  the  person 
using  the  tongs  by  an  assistant.    By  this  ^ 
coni^vance  the  heat  is  effectually  prevented 
from  reaching  the  &ce,  whilst  the  small  glazed 
aperture  allows  of  the  interior  of  the  furnace  being  distmctly  s«ai 
If  the  opening,  a,  be  closed  by  a  fragment  of  blue  or  green  g1a«a. 
it  will  be  found  a  great  improvement,  as  the  glowing  crucible  mav 
then  be  looked  at  without  injury  to  the  sight. 

In  addition  to  the  foregoing,  it  is  necessary  to  be  provided  with 
a  large  cast  iron  mortar,  a  sxnaU  anvil,  a  hammer,  and  a  sheet  of 
tin-plate,  of  which  the  various  uses  will  shortly  be  described. 

PvcliMiMUT  OFcnrti***.^ — The  assay  of  an  iron  ore  yields  on  » 
small  scale  similar  results  to  those  obtained  in  the  large  way,  and 
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coDfleqiieiitlj  has  the  advantage  over  analysis,  of  affording  infor- 
mstion  of  a  more  practical  character.  Before,  however,  operating 
m  the  dry  way,  it  is  found  necessary  to  obtain  some  definite  know- 
ledge of  the  mineral  to  be  treated,  in  order  to  determine  what 
fluxes  should  be  added,  for  the  purpose  of  affording  at  the  same 
time  a  fusible  slag,  and  the  largest  possible  proportion  of  metallic 
iron.    The  ores  of  iron  may  be  divided  into  three  classes : — 

Ist.  Those  which  chiefly  consist  of  hydrated  sesquiozide  of  iron. 

2nd.  Those  which  contain  the  metal  in  the  state  of  anhydrous 
onde,  Buch  as  fer  oligiste  and  magnetic  iron  ore. 

3rd.  Spathose  ores,  which  are  composed  of  the  carbonate  of  the 


The  prelimmaxy  examination  of  minerals  of  the  first  class  may 
be  eonducted  in  the  following  way.  A  portion  of  the  ore  is 
lekcted,  which  as  nearly  as  possible  represents  a  fair  average  of 
fbe  mineral  to  be  treated.  This  is  powdered  in  a  large  iron 
mortar,  and  then,  in  order  to  thoroughly  mix  the  different  parti- 
dtt,  the  whole  is  sifted  through  a  sieve  of  coarse  wire-gauze.  Of 
iliis  ooane  powder  about  one  thousand  grains  must  be  taken  and 
sgtin  pounded  in  the  iron  mortar  until  the  whole  has  been  made 
to  pass  through  a  second  sieve  of  very  fine  wire-gauze.  The  ob- 
ject of  first  pounding  the  whole  of  the  sample  selected,  and  then 
idecting  a  portion  only  for  the  purposes  of  the  assay,  is  to  ensure 
perfect  uniformity  of  composition,  and  the  nearest  possible  corres- 
pondenoe  between  the  results  obtained  by  assay  and  those  yielded 
fj  the  blast  fomaoe  in  the  large  way.  Of  the  finely  pulverised 
ere,  50  grains  are  placed  in  a  platinum  crucible  ana  heated  to 
ndnesB  over  a  gas  flame,  by  which  means  the  water  and  carbonic 
tod  present  are  driven  off.  The  crucible  and  its  contents  are  now 
pieced  in  the  baUince,  and  if  the  weight  of  the  calcined  matter  be 
ttfled  to,  the  amoimt  of  water  and  carbonic  acid  expelled  will  be 
jqwsented  by  (SO-^w). 

The  calcined  ore  may  be  now  thrown  away,  and  50  other  grains 
Uen,  which  are  to  be  attacked  in  the  cold  either  by  acetic  or  very 
Ante  nitric  acid.  This  will  dissolve  only  the  carbonates  of  lime 
ni  magnesia  which  may  be  present  in  the  gang^,  without  inter- 
Aring  with  either  the  oxide  of  iron  or  siliceous  matter.  Should  it 
sot  contain  any  earthy  carbonate,  no  effervescence  will  ensue  on 
fte  addition  of  an  acid,  and  we  may  consequently  pass  on  to  the  next 
opention ;  but  should  effervescence  take  place,  weak  acid  is  to  be 
>dded  unlil  it  entirely  ceases.  When  this  point  has  been  attained, 
tte  residue  is  thrown  on  a  filter,  washed  with  a  little  water,  dried 
>Dd  calcined.  If  we  now  call  this  weight  «/,  the  weight  of  the 
^vater,  together  with  that  of  the  carbonates  of  lime  and  magnesia 
^^ootained  in  the  mineral,  will  be  represented  by  (50 — «/),  and 
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congequently  (w — «/)  will  be  the  united  weights  of  the  lime  and 
magnesia  with  which  the  carbonic  acid  was  combined. 

Lastly,  60  grains  of  the  powdered  mineral  arc  attacked  witi 
concenlnrated  hydrochloric  acid,  which  is  boiled  until  the  imdis- 
solved  matter  which  remains  at  the  bottom  of  the  flask  ha»  become 
colourless.  This  consists  of  the  siliceous  and  argillac^oujs  portioiDS 
of  the  gan^ue,  which  will  alone  remain  undissolved,  and  whi<^ 
after  being  tnrown  on  a  filter  and  washed^  are  calcined  ajid  weicfhel 
The  weight  of  this  caldned  residue  being  represented  by  t^^'r  ^e 
shall,  on  uniting  the  different  results  of  the  vonous  opemtioof , 
obtain  the  following  infonnation  relative  to  the  composition  ^ 
the  mineral : — 

Water  and  Carbonic  Acid      =     (50 — w) 
Lime  and  Magnesia  .    =     (to — u/) 

Silica  and  Clay         .         .     =         v/^ 
Oxides  of  Lx)n  and  Manganese  =  50 — (50 — w) — (w — v/)— 
^'  =,  (u/— «/0. 

If  the  mineral  contains  but  a  small  quantity  of  manganese,  ibe 
weight  («/ — ut")  will  represent  with  considerable  exactitude  tbe 
amount  of  anhydrous  peroxide  of  iron  in  the  ore,  and  will  corres- 
pond to  the  quantity  of  g^  («/ — w/')  of  metallic  iron.^ 

When  the  ore  to  be  examined  belongs  to  the  second  dass,  tiiD 
amount  of  siliceous  gangue  can  no  longer  be  determined  by  ebciQ> 
tion  with  hydrochloric  acid,  as  the  anhydrous  peroxide  and  mag- 
netic iron  ore  are  very  sparingly  soluble  in  that  reagent.  Xn  tWi 
case  the  earthy  carbonates  wiW.  alone  be  dissolved,  and  may  }^ 
estimated  by  the  loss  sustained  by  boiling  a  known  quantitj  d 
the  ore  in  weak  nitric  acid,  and  deducting  from  the  amount  the 
water  expelled  by  ignition  in  a  platinum  crucibk. 

Native  carbonate  of  iron,  in  which  the  acid  is  combined  with  the 
protoxide,  FeO,  is  changed  by  calcination  into  the  magnetic  oxide, 
Fei  O4 ;  and,  consequently,  from  the  absorption  of  a  portion  of 
oxygen  from  the  air,  the  loss  of  weight  experienced  during  the 
operation  will  no  longer  represent  the  amount  of  water  and  car- 
bonic acid  driven  off.  If  the  mineral  be  treated  either  by  acetic  or 
dilute  nitric  acid,  the  earthy  carbonates  are  easily  dissolved ;  but 
as  at  the  same  time  a  portion  of  the  iron  enters  into  solntiony 
the  quantity  of  lime  and  magnesia  which  it  contains  cannot  in  this, 
as  in  the  former  cases,  be  determined  by  difference.    It  is,  there- 

^  The  presence  of  manganese  in  a  hjdrated  ore  of  iron  may  often  be  detected 
by  the  colour  of  the  mineral  when  pulverised.  If  it  yield  a  dirty  yellowi^  pow- 
der, it  may  be  presmned  to  be  tolerably  free  from  manganese,  as  a  veiy  umAil 
quantity  of  the  oxide  of  that  metal  gives  it  a  dark-brown  colour. 
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fore,  neoessazy  to  attack  the  pounded  mineral  with  hoiling  hydro- 
chloric acid,  to  which  a  portion  of  nitric  acid  has  heen  added  for 
the  purpose  of  perondismg  the  iron.  The  solution  thus  obtained 
is  afterwards  evaporated  to  dryness,  to  render  the  silica  insoluble; 
and,  on  treating  the  residue  with  dilute  add,  the  soluble  salts  are 
taken  up,  whilst  the  siliceous  and  argillaceous  matters  remain 
undissolyed,  and  may  be  separated  from  the  liquor  by  filtration. 
From  the  filtrate,  the  oxides  of  iron  and  manganese  are  obtained 
by  the  use  of  succinate  of  ammonia,  and  sul^de  of  ammonium, 
according  to  the  method  already  described. 

In  or&r  to  obtain  the  lime,  the  filtrate  firom  the  sulphide  of 
manganese  is  first  boiled,  to  expel  the  excess  of  sulphide  of 
ammonium,  and  then  treated  with  oxalate  of  ammonia,  which 
precipitates  the  lime  in  the  form  of  oxalate.  The  precipitate  thus 
obtained,  after  being  washed  and  dried,  is  first  decomposed  by 
calcination  in  a  platinum  crucible,  and  then  weighed  in  the  form 
of  carbonate,  in  which  state  it  occurs  in  the  min^al.  The  amount 
of  cazbonate  of  magnesia  present  is  then  deduced  firom  the  weight 
of  tiie  pyrophosphate  of  that  base,  obtained  by  the  addition  of  a 
solution  of  phosphate  of  soda  to  the  filtrate  from  the  precipitate 
of  oxalate  of  lime  above  described.  Every  100  parts  of  this  salt 
18  equivalent  to  76*77  of  carbonate  of  magnesia. 

It  has  been  found,  by  experiment,  that  those  minerals  yield  the 
most  fusible  slags  in  which  the  earthy  carbonates  exist  in  the 
proportion  of  two^thirds  the  amount  of  the  argillaceous  and  siH- 
oeous  matters  which  th^  contain.  The  foregoing  experiments, 
therefore,  serve  as  a  guide  in  the  selection  and  quantity  of  the 
fluxes  to  be  employed.  The  ores  of  the  first  and  third  classes 
reqoiie  to  be  mixed  with  such  quantities  either  of  carbonate  of 
iime  or  china  clay  as  will  make  up  the  proper  proportions  and 
render  the  slags  fiisible.  Those  of  the  second  class,  on  the  con- 
trary, seldom  contain  much  carbonate  of  lime,  and,  as  the  amount 
of  earthy  matters  in  these  ores  is  not  very  easily  ascertained,  it  is 
usual  to  mix  them  with  about  one-third  of  theur  weight  of  some 
fiisible  sUicate,  such  as  light-green  bottle  glass.  A  Httle  washed 
chalk  is  also  added  with  advantage  where  no  carbonate  of  lime 
ocean  in  the  mineral,  as  it  prevents  a  portion  of  oxide  of  iron 
firom  being  retained  bv  the  too  highly  siHcified  slag,  and  the  con- 
seqnemt  loss  of  an  eqmvalent  amount  of  metal. 

MTrtfc**  •f  CmiIih  tiBg  BM  Ammj* — ^The  assay  of  iron  ores  is  best 
made  in  crudbles  lined  with  powdered  charcoal,  which  not  only 
protects  the  sides  of  the  pots  firom  being  acted  on  by  the  substance 
treated,  but  also  serves  as  the  agent  by  which  the  oxides  are  re- 
duced to  the  metallic  state.  On  account  of  the  high  temperature 
to  which  they  are  subjected,  it  is  absolutely  necessary  that  the 
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crucibles  em^oyed  should  be  composed  of  the  moEt  re&actoty 
materials.  Those  usually  known  by  the  name  of  *'  London  pots," 
and  sold  by  the  various  instrument-dealers  in  the  metropolis^  ane 
very  well  fitted  for  this  puipose ;  but  the  common  Conmb  and 
Hessian  crucibles  will  also  bear  the  necessary  heat,  although  of 
a  less  convenient  form.  In  order  to  line  a  crudblef  it  is  par- 
tially filled  with  coarsely  powdered  and  slightly  damped  cham&l 
or  iramite,  which  is  then  rammed  into  the  solid  form  by  the  u&e 
of  a  light  wooden  pestle.  When  the  first  layer  ha^  become 
sufficiently  compressed,  its  surfiice  is  scratched  with  a  knife,  for 
the  purpose  of  making  the  second  stratum  adhere  firmly  to  it, 
and  a  Uttle  more  powdered  charcoal  added  and  beaten  down  aa 
before.  The  surface  of  this  layer  is  again  rendered  uneven  by 
scratching,  and  the  operation  repeated  until  the  crucible  i^  com- 
pletely £^ed.  When  this  is  the  case,  a  cavity,  of  the  form 
shown  in  ^,  107,  is  made  in  the  centre,  leaving  a  lining  of  charcoal 
of  about  half  an  inch  in  thickness  on  the  sides  and 
bottom  of  the  pot.  To  prevent  any  of  the  substance 
to  be  examined  firom  adhering  to  the  sides,  the  inte- 
rior of  the  cavity  is  now  smoothed  by  rubbing  with 
a  round  glass  pestle,  and  the  upper  odgea  are  so 
rounded  off  as  to  prevent  any  portion  of  brasque  from 
filling  into  the  hollow  during  the  time  the  mixture  of 
ore  and  flux  is  being  introduced.  One  hundred  gmns 
of  the  powdered  ore  are  now  to  be  well  mixed  on  a 
sheet  of  smooth  paper,  with  the  proper  weight  of  flux,  as  indicated 
by  the  result  obtained  from  the  preliminaiy  investigation,  and 
then  carefiilly  transferred  to  the  cavity  in  the  lined  cmeible,  where 
it  will  occupy  the  position  b  c.  Any  portions  of  the  powder  which 
may  remain  attached  to  the  sides  are  now  carefully  swept  to  the 
bottom  by  a  stiff  feather,  and  the  space,  a  6,  filled  up  with 
powdered  charcoal,  and  rammed  as  before  directed.  The  cover,  d, 
IS  now  fitted,  and  firmly  luted  down  with  fire-clay,  with  which  the 
bottom  of  the  crucible  is  also  cemented  to  pieces  of  fire-brick,  so 
as  to  stand  about  four  or  five  inches  above  the  bars  of  the  grate » 
as  represented  in  fig.  101.  When  all  four  crucibles  have  been  thtia 
plac^  in  the  furnace,  the  damper,  a,  is  closely  shut,  and  a  shovel- 
fid  of  Hghted  charcoal  thrown  between  them  on  the  grate,  by 
which  the  mixture  of  charcoal  and  coke  which  is  suWqueutl y 
added  becomes  ignited.  During  the  first  half  hour  the  damper 
remains  closed,  and  the  firing  is  conducted  very  carefully  to  drive 
off  the  dampness  contained  in  the  breeze,  and  to  avoid  the  splitting 
of  the  luting,  which  would  be  caused  were  the  heat  too  suddenly 
appHed.  At  the  expiration  of  half  an  hour,  the  damper  is  a 
little  opened,  and  the  furnace  filled  up  with  fi?esh  coke.     Aiter 
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this  the  heat  is  gradually  increased  by  stiU  farther  opening  the 
damper,  and  at  tne  end  of  an  hour  it  is  entirely  withdrawn,  for 
tiie  pnipose  of  increasing  the  temperatnre  to  the  highest  possible 
degree.  The  operation,  when  properly  conducted,  should  alto- 
ge&er  require  about  an  hour  and  a  quarter  for  its  completion,  and 
it  the  end  of  that  time  the  damper  is  dosed,  and  the  furnace 
allowed  to  cool.  As  soon  as  the  temperature  is  sufficiently  re- 
dooed,  the  crucibles  are  carefully  removed  from  the  hearth  by  the 
aid  of  proper  tongs,  and  placed  in  an  upright  position  until  suffi- 
ciently cold  to  a£nit  of  being  readily  handed.  They  are  now  to 
be  plaoed  oyer  a  sheet  of  brown  paper,  with  a  view  of  avoiding 
my  kes,  and  the  lid,  which  will  be  found  firmly  to  adhere  to  the 
pot,  is  removed  by  a  blow  from  a  small  hammer.  K  the  opera- 
tion has  completdy  succeeded,  the  iron  will  be  found  in  a  small 
nnmded  button,  covered  by  a  stratum  of  slag,  resembling  in  its 
appeuance  ordinary  green  bottle  glass,  and  entirely  6*06  from  any 
adhering  metallic  globules.  When,  on  the  oontrai^,  the  heat  has 
not  be^  sufficiently  great,  the  slag  will  be  covered  with  small 
metallic  beads  firmly  imbedded  in  its  surface,  from  which  they 
enmot  be  easily  detached.  If,  as  is  sometimes  the  case,  from  want 
of  a  sufficient  temperature  to  effect  the  fusion,  or  an  improper 
addition  of  fluxes,  the  experiment  has  totally  &iled,  the  ore  will 
be  found  either  in  a  partially  melted  button,  or  merely  in  an 
agglutinated  mass,  in  which  the  iron,  although  more  or  less  com- 
pletely reduced  to  the  metallic  state,  has  not  formed  into  a  dis- 
tinct body.  On  breaking  the  crucible,  the  button,  with  its  ad- 
hering slag,  is  carefully  removed  and  crushed  by  a  blow  of  the 
pestle  in  a  large  iron  mortar.  The  principal  button  may  be  now 
leadily  removed;  but  as  it  seldom  happens  that  the  slag  does  not 
stiU  enclose  small  metallic  globules,  it  is  necessary  to  reduce  it  to 
coarse  powder,  in  order  that  these  may  be  separated.  This  is 
most  readily  effected  by  turning  out  the  contents  of  the  mortar 
on  a  sheet  of  paper,  and  passing  a  magnetic  bar  through  the 
pulverised  slag.  In  this  way  the  metallic  particles  are  soon  col- 
leeted  at  the  pole  of  the  magnet,  and,  on  bemg  brushed  off  with 
a  stiff  feather,  are  placed  in  the  balance  with  the  larger  button 
before  separated.  The  iron  thus  obtained  is  not  chemically  pure, 
but  mvariably  contains  a  certain  proportion  of  carbon,  which  in 
a  small  d^ree  adds  to  the  weight,  and  renders  the  results  ob- 
tained too  high.  This  increase  of  weight  is,  however,  so  small 
as  to  allow  of  being  safely  neglected  for  all  manufacturing  pur- 
poses, particularly  as  the  per-oentage  yield  of  ore  in  cast  iron  is 
generally  that  which  is  required  to  be  ascertained. 

In  Older  to  test  the  quality  of  iron  thus  obtained,  the  button 
is  plaoed  between  a  fold  of  thin  tin-plate  and  smartly  struck  on 
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an  anyil  by  a  heavy  hammer.  If  the  firackure  present  a  motiled 
greyifih  appearance,  and  the  button  flattens  slightly  before  break- 
ing, the  quality  of  the  metal  is  considered  to  be  good;  but  should 
it,  on  the  contrary,  split  on  the  first  blow  of  the  hammer,  and 
exhibit  a  white  crystalline  fracture,  the  ore  is  judged  unfit  for  the 
production  of  the  better  sorts  of  iron. 

HUMID  ASSAY, 

The  quantity  of  iron  contuned  in  any  mineral  soluble  in  adds 
is  also  readily  ascertained  by  the  use  of  a  standard  solution  of  the 
permanganate  of  potash.  In  order  to  do  this,  ten  grains  of  the 
substance  reduced  to  powder  may  be  boiled  with  strong  hydro- 
chloric acid  until  the  residual  matter  in  the  bottom  of  the  flask 
has  become  perfectly  colourless.  The  solution,  together  with  the 
undissolved  gangue,  is  afterwards  transferred  to  an  eyaporating 
basin,  where  it  is  concentrated  almost  to  dryness,  for  the  purpose 
of  driving  off  the  excess  of  acid.  Water  is  now  added,  and  the 
siliceous  matters  constituting  the  gangue  separated  by  filtration, 
and  subsequently  dried  and  weight.  To  the  filtrate  thus  obtained 
the  standard  solution  of  permanganate  of  potash  is  carefully  added 
from  a  graduated  burette,  until  the  liquor  begins  to  acquire  a 
permanent  rose-coloured  tint,  when  the  number  of  degrees  which 
have  been  employed  are  read  off,  and  firom  the  amount  used  is 
calculated  the  quantity  of  iron  present. 

This  process  depends  on  the  circumstance,  that,  on  pouring  a 
solution  of  permanganate  of  potash  into  one  of  a  protosalt  of 
iron,  the  permanganate  immedmtely  loses  its  colour,  and  is  decom- 
posed into  a  lower  oxide,  which  combines  with  the  acid,  and  into 
oxygen,  which,  by  uniting  with  the  protoxide  of  iron,  converts  it 
into  peroxide.  This  decomposition  continues  as  long  as  the  liquor 
contains  the  smallest  trace  of  a  protosalt  of  iron ;  but,  on  the 
whole  being  peroxidised,  the  characteristic  rose  tint  of  the  per- 
manganate at  once  reappears. 

In  order  to  ascertain  the  strength  of  the  standard  solution 
employed  for  this  purpose,  six  or  eight  grains  of  iron  wire  are 
dissolved  by  ebullition  with  a  Uttle  hydrochloric  add,  and  the 
liquor  afterwards  diluted  with  water  firom  which  the  air  has  been 
previously  expelled  by  boiling.  On  adding  to  this  from  the 
graduated  burette  a  srdfident  amount  of  the  solution  of  p^man- 
ganate  of  potash,  and  noting  the  exact  point  at  which  ike  rose- 
colour  tint  makes  its  appearance,  it  is  easily  calculated  to  what 
amount  of  iron  each  degree  of  the  burette  corresponds,  and,  the 
strength  of  the  hquor  being  thus  obtained,  it  may  afterwards  be 
used  as  an  assay  solution. 
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The  solution  of  permanganate  of  potash  is  best  obtained  by 
lieating  a  mixture  of  2  parts  of  peroxide  of  manganese,  3  of 
caustic  potash,  and  1  of  chlorate  of  potash,  in  an  earthen  crucible 
duiing  two  hours.  The  pot  is  then  allowed  to  cool,  and,  after 
breal^  its  contents  into  fragments,  they  are  treated  with  three 
or  four  times  their  weight  of  water,  and  fitered  through  asbestos, 
for  the  purpose  of  sq>arating  the  sesquioxide  of  manganese  which 
lemains.  To  this  ^trate  weak  nitric  acid  is  cautiously  added 
unlal  it  has  assumed  a  fine  violet  tinge,  when  it  should  be  imme- 
diatdy  transferred  to  a  wellnstoppered  bottle,  and  is,  after  its 
strength  has  been  accurately  determined,  fit  for  immediate  use. 

The  bottles  in  which  this  test  solution  is  preserved  must  always 
be  kept  well  closed,  as  it  would  otherwise  soon  become  partially 
decomposed  by  the  introduction  of  organic  particles  floating  in 
the  atmosphere. 

If  the  ore  to  be  examined  belongs  to  the  second  class,  and  is, 
consequently,  httle  soluble  in  the  acids,  it  should  be  first  heated 
in  a  pistinuin  crucible,  with  a  small  quantity  either  of  carbonate 
of  soda  or  bisulphate  of  potash.  By  this  treatment  the  mineral 
will  be  made  to  lose  its  aggr^ation,  and  is  then  readily  attacked 
bj  the  acids. 

Awdsnris  •rim  OMk— Many  of  the  ores  of  iron  dissolve  very 
readily  in  hydrochloric  and  nitro-hydrochloric  adds ;  but  in 
cases  where  the  solution  cannot  be  thus  directiy  effected,  the 
mineral  must  be  first  fused  with  an  alkaline  carbonate,  as  above 
directed. 

To  give  in  detail  the  different  processes  employed  for  the 
analysis  of  all  the  various  ores  of  iron,  would  occupy  much  more 

re  than  can  be  here  afforded  them,  and  for  this  reason  one  of 
more  complicated  will  suffice  as  an  illustration. 
Cky  iron  stone  is  frequently  found  to  contain  at  the  same  time 
all  the  different  ingredients  occurring  in  the  various  ores  of  iron 
used  for  manufacturing  purposes,  and  on  this  account  that  mine- 
ral may  be  selected  as  an  example.  This  ore  ordinarily  contains 
(ndde  of  iron,  oxide  of  manganese,  lime,  magnesia,  carbonic  acid, 
olica,  and  alumina,  together  with  traces  of  sulphur  and  phos- 
phorus. The  substance  should  first  be  finely  pulverised  in  an  iron 
mortar,  and  afterwards  sifted  through  fine  wire-gauze.  About 
thirty  grains  of  this  powder  may  now  be  intimately  mixed  with 
six  tmies  its  weight  of  carbonate  of  potash  or  soda,  or,  which  is 
better  than  either,  a  mixture  of  the  two.  This  is  to  be  kept  for 
an  hour  at  a  full  red  heat  in  a  platinum  crucible,  and,  after  being 
allowed  to  cool,  is  heated  in  a  large  evaporating  basin  containing 
a  weak  solution  of  hydrochloric  acid.  By  this  means  the  con- 
tents of  the  crucible  will,  with  the  exception  of  a  small  quantity 
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of  floGCuleni  silica,  be  readily  dissolved  with  the  evolution  of  car- 
bonic acid  gas.  Should  the  basin  not  contain  the  amount  of  add 
necessary  to  effect  complete  solution,  more  is  added  until  no  fur- 
ther effervescence  takes  place  on  the  addition  of  a  fresh  quantitj. 
The  crucible  is  now  withdrawn  from  the  solution  by  the  aid  of  a 
glass  stirring-rod,  care  being  taken  to  wash  from  it  into  the  hum. 
the  Uquor  which  haDgs  about  it,  as  well  as  any  portions  of  the 
flocculent  silica  which  may  remain  attached.  The  contents  of 
the  basin  are  then  evaporated  to  dmiess  in  a  sand-bath,  for  the 
purpose  of  rendering  the  silicic  acid  insoluble ;  but  towards  tiie 
end  of  the  operation  great  care  is  required,  in  order  to  prevent  loss 
by  spirting,  which  can  only  be  avoided  by  a  judicious  regulatian 
of  the  heat  and  constant  stirring  of  the  pasty  mass.  "VHien  the 
evaporation  is  complete,  the  basin  should  be  so  far  allowed  to 
cool  as  to  prevent  its  breaking  on  the  addition  of  a  cold  liquid, 
and  the  residue  then  moistened  with  strong  hydrochloric  add, 
and  the  whole  allowed  to  remain  for  about  one  hour,  so  as  to 
afford  suffident  time  for  its  action  on  the  bases  present.  At  the 
expiration  of  this  period  some  distilled  water  is  added,  and  the 
solution  of  the  soluble  salts  aided  by  ebullition. 

When  all  the  soluble  portions  have  been  dissolved,  the  silica  is 
separated  by  filtration,  and,  after  being  well  washed  in  the  filter 
and  dried  in  the  water-bath,  is  calcined  and  weighed  as  silidc 
acid.  The  filtrate  to  which  is  added  the  water  b^  which  the 
silica  was  washed  is  now  neutralised  with  ammonia^  and  then 
treated  with  a  slight  excess  of  sulphide  of  ammonium.  This  r&> 
agent  precipitates  the  iron  and  manganese  in  the  form  of  sulphides, 
which  are,  together  with  the  deposited  alumina,  to  be  thrown  on 
a  filter,  and,  to  prevent  the  formation  of  soluble  sulphates,  washed 
with  water  containing  a  little  sulphide  of  ammonium.  The  fil- 
trate firom  these  sulphides  is  afberwards  acidified  by  nitric  add, 
boiled  to  expel  any  sulphuretted  hydrogen  which  it  may  contain, 
and  then  filtered,  for  the  purpose  of  separating  the  sulphur  which 
has  become  deposited. 

To  the  dear  Uquor  is  now  added  ammonia  and  oxalate  of  am- 
monia in  slight  excess,and  the  whole  boiled  until  the  oxalate  of  lime 
formed  has  collected  in  a  dense  body  on  the  bottom  of  the  beaker 
m  which  the  predpitation  has  been  effected.  The  oxalate  thus 
obtained  is  afterwards  collected  on  a  filter,  and  then  caldned  and 
weighed  as  carbonate  of  lime,  into  which  this  salt  is  readily  decom- 
posed by  heat.  The  magnesia,  if  any  be  present,  is  obtained  firom 
the  liquor  filtered  firom  the  predpitate  of  oxalate  of  lime  by  the 
addition  of  phosphate  of  soda,  which  throws  it  down  in  the  state 
of  ammonio-magnesian  phosphate.  This,  after  being  washed,  dried, 
and  converted  by  ignition  into  pyrophosphate  of  magnesia^  is 
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finally  weighed,  every  100  parts  found  corresponding  to  86*63  of 
magnesia. 

To  separate  the  alumina^  peroxide  ofironyKxAoxide  offrumganeeej 
the  mixed  sulphides  must  be  dissolved  in  a  Httle  hydrochloric 
add  to  which  a  few  drops  of  nitric  acid  have  been  added,  and  the 
particles  of  sulphur  which  remain  unoxidised  separated  by  filtra- 
tion. The  filtrate  is  then  evaporated  nearly  to  dryness,  to  expel 
tiie  free  add  present,  and  subsequently  boiled  with  an  excess  of 
potash,  by  which  the  oxides  of  iron  and  manganese  are  predpi- 
tated,  whilst  the  alumina  is  redissolved  in  the  potash.  The 
alkaline  liquor  is  now  neutralised  with  hydrochloric  add,  and  the 
abmdna  predpitated  dther  by  ammonia  or  its  carbonate,  and 
washed,  dried,  and  weighed. 

The  trofi  and  mangcmeae  may  now  be  separated,  according  to 
the  methods  describe^  page  211 ;  the  former,  being  weighed  as 
peroxide,  yielding  70  per  cent,  of  metallic  iron ;  and  the  latter  as 
red  oxide  of  manganese,  of  which  every  100  parts  are  equivalent 
to  72-09  of  that  metal.  The  carbonic  add  present  is  best  estimated 
by  the  method  of  Fresenius  and  Will. 

A  knowledge  of  the  quantities  of  mdphur  and  phoephorue  con- 
tained in  an  ore  of  iron  is  of  the  greatest  importance  as  affecting 
ihe  quality  of  the  metal  produc<Kl ;  and  it  is  therefore  necessary 
to  estimate  these  substances  with  considerable  accuracy. 

The  ndphur  may  be  readih^  determined  by  dther  of  the  methods 
detailed,  page  183,  with  rererence  to  this  body  when  present  in 
fbda ;  bat  the  most  accurate  results  will  be  obtained  by  the  first 
of  the  processes  there  described ;  for  this  determination,  a  separate 
quantity  of  the  pulverised  ore  must  necessarily  be  employed. 

The  per-oentage  of  phoephorua  may  be  determined  with  a 
greater  or  less  degree  of  accuracy  by  various  methods,  but  the 
two  following  will  be  suffident  for  all  the  purposes  of  the  metal- 
hiljgist:— — 

lat.  If  the  mineral  be  soluble  in  adds,  about  thirty  grains 
may  be  at  once  attacked  by  hydrochloric  add  containing  a  Httle 
nitne  add;  or,  if  it  be  insoluble  in  these  reagents,  it  cubould  be 
first  fused  with  an  alkaline  carbonate.  The  add  solution  obtained 
either  by  directly  attacking  the  ore  or  by  first  fusing  it  with  an 
alkaline  carbonate,  and  subsequently  adding  acid,  is  evaporated  to 
dryness,  and  the  siHca  separated  by  filtration.  The  filtrate,  which 
should  not  contain  mudi  free  add,  is  treated  with  ammonia  in 
excess.  The  brown  predpitate  which  forms  is  then  to  be  collected 
on  a  filter,  and,  after  being  washed,  is  dissolved  whilst  still  on  the 
filter  by  a  little  dilute  hydrochloric  add  which  has  been  previously 
heated  in  a  fiask.  The  liquor  which  passes  through  the  filter  is 
r  poured  into  a  stoppered  bottle,  and  again  treated  with  ammonia 
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until  a  precipitate  begins  to  fonn,  when  an  exoese  of 
of  ammonium  is  intioduoed,  and  the  bottle,  after  being  secuidj 
closed,  is  placed  in  a  tolerably  warm  sitoation,  where  it  is  allowed 
to  remain  during  twenty*four  hours,  at  the  expiration  of  wbifik 
time  the  predpitafced  sulphides  are  to  be  separated  by  filtration. 
The  phosphorus  originally  present  in  the  mineral  wiU  now,  in  the 
form  of  phosphoric  acid,  be  contained  in  the  filtrate,  and  may  be 
obtained  and  weighed  as  an  insoluble  phosphate.  In  order  to  do 
this,  the  Hquor  filtered  fiK)m  the  sulphides  is  rendered  sl]gfa% 
add,  and  bcnled  to  ezpd  the  hydrosulphuric  acid  gaierated.  The 
dear  Hquor  is  now  rendered  alkaline  by  ammonia,  and  the  phos- 
phoric add  precipitated  as  azamonio-magneeian  phosphate  by  the 
addition  of  sulphate  of  magnesia.  Every  100  parts  of  cafoned 
pyrophosphate  of  nutgnesia  thus  obtained  represents  27*66  of 
phorohorus. 

2a.  By  the  second  method,  the  amount  of  phosphoric  add  is 
determined  as  follows^: — ^The  compound  under  examination  is 
dissolved  in  hydrochloric  add  containing  a  little  nitric  add,  whi<dk 
should  not  be  used  in  too  great  quanti^,  and  an  excess  of  acelafte 
of  soda  is  added  to  the  solution,  by  which  it  will  be  made  to 
acquire  a  deep  red  colour.    On  boiling,  a  reddish-brown  precipi- 
tate is  depodted,  and  a  clear  solution  remains.    Shouid  tiie 
supernatant  liquor  still  continue  coloured,  it  is  a  proof  either  that 
sumdent  acetate  of  soda  is  not  present,  or  that  there  is  an  excess 
of  iron,  and  a  further  quantity  of  the  soda-salt  is  necessary.  The 
whole  is  now  again  boiled,  and,  if  the  liquor  has  become  deir, 
the  brown  predpitate  is  thrown  on  a  filter  and  well  washed  witb 
hot  water.    To  obtain  the  phosphoric  add  which  it  contains,  tiie 
predpitate,  while  still  moist,  is  dissolved  in  hydrochloric  add, 
tartaric  add  is  added,  and  subsequently  ammonia,  until  the  hqaid 
smells  distinctiy  of  that  alkali :  the  solution  is  dear,  and  exhilnls 
a  yellow  colour.  A  mixture  of  sulphate  of  magnesia,  sal-ammomae, 
and  anmionia,  is  now  added  to  the  solution  as  long  as  a  predpi- 
tate continues  to  be  formed.  This  is  collected  on  a  filter,  washed 
with  water  containing  a  little  aBomonia,  and,  after  caldnation,  is 
weighed  as  pyrophosphate  of  magnesia,  as  above  directed.    The 
sal-ammoniac  added  is  for  the  purpose  of  preventing  the  piedpi- 
tation  of  magnesia  by  ammonia,  and  care  should  be  ialksD.  I^t  ib» 
liquor  from  which  the  predpitate  is  obtained  be  distinctly  alkaline. 

METALLFEGT  OP  EBOK. 

Iron  is  employed   in   three   difB^'ent    states — as  crude  at 
cast  irony  as  steely  and  as  tormi^ht  iron.    The  diffiarence  eYisting 
between  these  three  substances  essentially  depends  on  the  relative 
1  FmeBDius,  Qumtitathre  AnalyiU,  §  101. 
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amoontB  of  combined  carbon  with  which  the  metal  is  associated. 
Cast  iron  contains  a  larger  proportion  than  steel,  and  steel  more 
than  wrought  or  malleable  uron,  which  ought  to  consist  of  pure 
metal  without  the  slightest  trace  of  carbon.  In  practice,  this 
state  of  perfection  is  never  obtained ;  but  th^  more  esteemed 
varieties  are  only  found  to  retain  extremely  minute  portions  of 
carbon. 

The  minerals  from  which  iron  is  obtained  are,  on  account  of 
tiieir  comparatiYely  small  value,  never  subjected  to  complicated 
mechanical  treatment.  Pea  iron  ore  is  usually  agglutinated  by  a 
kind  of  clay  containing  but  Httle  iron.  This  is  readily  separated 
bj  agitating  the  mizkire  in  a  current  of  water,  by  which  means 
the  day  is  carried  off  in  suspension,  whilst  the  ore,  from  its 
greater  density,  remains  behind. 

Manj  kmds  of  ore  require  to  be  roasted  before  they  are 
treated  for  the  metal  they  contain ;  by  this  means  the  water  and 
carbonic  add  present  are  expelled,  and  the  ore  reduced  to  a 
poroas  state  extremely  favourable  to  the  process  of  smelting 
which  it  subsequently  undergoes.  The  chief  ore  smelted  in 
Engiaod  is,  as  before  stated,  the  argillaceous  carbonate  or  clay 
ironstone  of  the  coal  measures,  although  a  small  quantity  of  red 
hematite  is  used  as  an  auxiliary  in  some  of  the  works  in  Cumber- 
land and  Lancashire ;  but  in  no  instance  is  iron  pyrites  employed 
as  a  Boorce  of  the  metal. 

The  mean  richness  of  the  ores  of  carbonate  of  iron  in  the 
Sonth  Wales  coal  basin  is  estimated  at  33  per  cent,  of  cast  iron, 
whilst  those  occurring  in  the  Staffordshire  district  usually  pro- 
duce only  about  30  pirts  of  crude  metal  for  every  100  parts  of 
ore  employed. 

Breiy  ferruginous  clay-stone  is  an  iron  ore  when  it  contains 
more  than  20  per  cent,  of  metal^  and  the  average  loss  of  water 
sod  carbonic  acid  by  roasting  generally  amounts  to  from  25  to 
30  parts  in  every  100  of  ore  calcined. 

To  efifect  the  calcination  of  the  ore,  it  is  piled  in  long  heaps 
over  a  stratum  formed  of  large  lumps  of  coal.  The  fire  is  applied 
St  ikt  windward  end,  and  after  it  has  burned  a  certain  distance, 
the  heap  is  prolonged  with  the  same  materials  in  the  opposite 
^iiection.  The  ordinary  height  of  the  heap  varies  from  about 
^  to  7  feet,  while  its  breadth  at  the  bottom  is  about  15  or  20 
to.  When  the  ore  contains,  as  is  frequently  the  case,  a  large 
^moont  of  bitumen,  it  will,  when  once  ignited,  readily  bum 
without  any  admixture  of  other  fuel ;  but  when  it  does  not  natu- 
nHy  contain  a  sufficient  quantity  of  combustible  matter,  its 
phee  diould  be  supplied  by  a  sparing  mixture  of  coal-dust.  The 
msting  of  iron  ore  is  likewise  frequently  conducted  in  frimaces 
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resembling  ordinary  lime-kilnSy  and  in  wbich  its  calcinaAioD  k 
effected  by  the  same  means. 

The  proportion  of  fbol  employed  for  roasting  day  inm  neeee- 
sarily  varies  according  to  its  ncbiess  in  bitmninons  matter,  but;  it 
is  seldom  fonnd  to  calcine  with  less  than  5  per  cent.,  or  require 
more  than  20  per  cent,  of  coal  for  this  pmrpoae. 

Among  the  numerous  coal  basins  existing  in  this  ooantiy, 
there  are  two  in  jparticular  which  furnish  more  than  two-thiids 
of  the  fuel  annuallT  produced  in  the  kingdom :  namely,  that  of 
Dudley  in  the  south  of  Staffordshire,  and  that  of  Monmoutfadurs 
in  South  Walea,  together  with  the  coal-fields  of  Gloucestershiie 
and  Somersetshire.  At  Dudley,  the  coal,  the  iron  ore,  the  lime- 
stone for  flux,  and  the  refiractory  day  employed  in  the  constmction 
of  furnaces,  are  all  assodated  in  the  same  locality.  The  best  fire- 
clay is  found  at  Stourbridge,  and  is  exported  thence  to  every  part 
of  the  kingdom  for  the  mannfactore  of  refisctory  crudbloi  and 
glass-house  melting-pots. 

We  have  before  seen  (p.  192)  that  the  oxide  of  iron  is  eaaij 
reduced  at  a  red  heat  in  an  atmosphere  of  hydrogen  ga^.  This 
reduction  is  equally  well  effected,  under  similar  drcumstances,  by 
a  current  of  carbonic  oxide ;  and  it  is  therefore  evident  tiiat  the 
reduction  of  the  natural  oxides  constituting  the  ores  of  iron  is 
attended  with  but  Uttle  difGlculty.  The  reduced  iron  is,  however, 
in  this  case,  intimately  mixed  with  the  refractoiy  gangae,  whidi 
prevents  its  particles  firom  uniting  and  forming  one  solid  mass. 
If  the  gangue  were  readily  mdted,  it  would  be  sujffident  to  heat 
the  mixture  to  the  temperature  at  which  it  enters  into  fusion, 
when  the  metallic  sponge  misht  be  compressed  by  hammering, 
and  the  impurities  with  which  it  ib  assodated  squeezed  out  in 
the  form  of  a  vitreous  slag.  If,  on  the  contrary,  the  gangue  be 
very  refractoiy,  it  can  only  be  fused  at  such  a  temperature  as 
causes  the  metallic  iron  produced  to  combine  with  a  portian  of 
the  carbon  used  as  fuel,  and  in  this  case  the  product  is  cast 
iron,  instead  of  the  malleable  metal  which  would  be  otherwise 
obtained. 

The  gangue  contained  in  the  ores  of  iron  usually  consists  eitlner 
of  quartz  or  clay,  which  are  both  almost  completely  in^fosible  a^ 
the  highest  temperature  of  our  blast  fiunaces.  In  order,  then, 
to  obtain  the  metal  they  contain,  it  is  evident  that  some  means 
must  be  resorted  to  for  fluxing  or  rendering  fiidble  these  re- 
fractory sidl)stances.  This  may  be  effected  in  two  different  irays, 
vaiying  according  to  the  nature  of  the  product  it  is  desired  to 
produce. 

Should  a  very  rich  iron  ore  be  operated  on,  and  it  be  required  to 
obtain  directly  a  portion  of  malleable  metal,  without  respect  to  the 
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actiul  quantity  contained  in  the  mineral,  it  will  be  only  necessary 
to  heat  the  mineral  in  contact  with  charcoal  or  some  other  snb- 
sianoes  containing  carbon.  By  this  means  one  portion  of  the 
oxide  will  be  reduced  to  the  metallic  state  by  the  deoxidising 
influence  of  the  fuel,  whilst  the  other  will  combine  with  the 
nlioeotts  impurities,  and  form  an  extremely  ftisible  double  silicate 
of  alumina  and  protoxide  of  iron.  It  therefore  follows  that 
there  is  no  necessity  for  a  very  elevated  temperature,  and,  conse- 
qocnil^,  the  carbon  will  not  unite  with  the  reduced  metal,  and 
give  nse  to  the  production  of  cast  iron.  If  the  fused  mass  be 
now  beaten  with  a  hammer,  or  compressed  by  being  passed 
through  a  series  of  rollers,  the  Aisible  slag  will  be  expressed, 
whilst  the  metallic  sponge,  by  being  subjeebed  to  strong  pres- 
Bore  at  a  high  temperature,  becomes  consolidated,  and  forms 
a  compact  mass.  The  amount  of  oxide  of  iron  which  by  this 
meihod  passes  into  the  scoria  is  entirely  dependent  on  the 
quantity  of  gangue  contained  in  the  ore,  and  it  follows  that  the 
richer  varieties  only  could  be  made  directly  to  afford  malleable 
iron  by  such  treatment. 

I^  on  the  contrary,  the  object  be  the  extraction  of  the  largest 
possible  amount  of  metal,  without  regard  to  the  temperature 
employed,  it  will  be  found  necessaiy  to  add  to  the  ore  some  base 
capable  of  replacing  the  oxide  of  iron,  which  in  the  former 
instance  united  wi&  silica  and  alumma  to  form  a  Visible  slag. 
The  only  substance  sufficiently  cheap  to  admit  of  being  employed 
bar  tlus  purpose,  is  lime,  which  is  readily  obtained  by  the  decom- 
position of  its  carbonate  by  heat.  When  lime  is  thus  added,  the 
nsolting  slag  consists  of  a  double  siHcate  of  alumina  and  lime, 
which  is  much  less  fbdMe  than  that  of  alumina  and  protoxide 
of  iron.  It  therefore  foBswe,  that^  to  obtain  the  metal  which  the 
ore  contains,  it  must  be  sahjected  to  a  higher  temperature  than 
would  be  necessary  if  a  largp  portion  of  the  oxide  were  allowed  to 
ronam  in  the  slags  ;  and  eosaequenlfy  the  iron  produced  combines 
with  a  certain  amount  of  the  carbon  present  in  the  furnace,  and 
is  converted  into  crude  or  cast  iron. 

The  manu&cture  of  mat  bj  the  &ffiner  method  necessitates 
the  employment  of  rich  ores,  and  from  the  nature  of  the  rejected 
ilags,  the  per-centage  of  metal  obtained  is  far  less  than  they 
are  capable  of  yielding.  The  direct  process  nevertheless  affords 
iron  d  excellent  quality,  and  although  every  day  becoming  less 
eitensively  employed,  it  is  still  followed  in  the  United  States  of 
America,  the  Pyrenees,  and  in  some  other  districts,  which  furnish 
'  ^  tiie  same  time  ore  of  great  purity,  and  wood  for  the  preparation 
of  eharooal  at  a  low  price.    This  method  of  working  yields  a  very 
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superior  metal  for  the  manufacture  of  steel,  and  will  shortly  be 
described  as  the  Catalan  process. 

ENGLISH  P&0CES8  OF  IBON-SMSLTD^G. 

TiM  BhMt  FwMMe_The  great  bulk  of  iron  manufactured  is  it 
present  obtained  by  what  is  called  the  English  process ;  the  largest 
possible  portion  of  metal  being  extracted  by  treating  a  due  admii- 
ture  of  iron  ore  and  carbonate  of  lime,  at  a  veiy  elevated  tempera- 
ture, in  an  apparatus  called  a  blasl  fitmace.     This  is  formed  of 


two  truncated  cones,  a,  b,  united  by  their  bases,  fig.  108.     The 
upper  portion,  A,  called  the  cone  or  bodtfy  is  formed  by  an  interior 
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lining  of  fire-bricks,  1 1,  which  is  again  enveloped  in  a  casing,  I  2, 
made  np  of  broken  8cori»,  or  re&actoiy  sand,  and  which  sepa- 
rates the  internal  lining  or  shirt  of  the  fonace  from  the  external 
ooatmg  of  fire-bricks,  m  m',  supported  by  a  mass  of  masonry, 
«  n\  composed  either  of  stone  or  common  bricks.  The  opening, 
c,  at  the  top  of  the  furnace,  is  called  the  throat  or  turvnMiole,  and 
is  sormounted  by  a  chimney,  d,  in  which  there  are  one  or  more 
openinffB,  for  the  oonyenience  of  charging  the  fuel,  ore,  and  flux, 
inth  ^ch  the  apparatus  is  at  regular  intervals  supplied.  The 
knrer  cone,  b,  is  Jmown  by  the  name  of  the  doss/^,  and  is  either 
constructed  of  fire-brick,  or  of  a  refractory  material  called  fire- 
stone,  chiefly  obtained  from  the  coal  formations. 

As  this  part  of  the  arrangement  is  subjected  to  a  very  high 
tempostuze,  it  is  of  the  utmost  importance  that  the  material  of 
wldch  it  is  composed  should  be  carefiilly  selected,  for  on  the 
durability  of  the  boshes  mainly  depends  the  length  of  time  during 
wiueh  the  action  of  the  furnace  may  be  uninterruptedly  carried 
<m.  To  prevent  the  occurrence  of  a  sharp  angle,  the  two  cones 
fimxung  the  body  and  boshes  are  united  either  by  a  curve  or 
narrow  cylindricsJ  belt,  by  which  the  edges  are  slightly  rounded 
off,  and  a  space  formed  cidled  the  belly. 

The  lowest  division  of  the  furnace,  E,  is  quadrangular  in  form, 
and  composed  of  large  slabs  of  refractory  sandstone,  cemented 
together  with  fire-day.  This  is  somewhat  smaller  at  bottom 
tlan  at  the  point  s,  where  it  meets  the  boshes,  and  its  angles 
are  gradually  rounded  off;  but  this  difference  of  size  at  the 
two  extremities  is  in  many  instances  so  small,  as  almost  to  give 
to  the  hearihj  as  this  part  is  named,  the  form  of  a  quadrangular 
prism. 

The  bottom  of  the  furnace  is  composed  of  large  fire-stones, 
supported  on  a  mass  of  masonry,  in  which  numerous  channels,  h, 
are  left  open  for  the  escape  of  any  moisture  which  may  be  ex- 
pelled from  the  brick-work ;  whilst,  to  keep  the  whole  building 
perfecfly  dry,  the  foundations  are  traversed  by  two  large  arched 
galleries,  e  e,  which  intersect  each  other  at  right  angles  beneath 
the  axis  of  the  internal  cavity  of  the  furnace. 

Three  only  of  the  sides  of  the  hearth  are  continued  to  the 
stone  constituting  the  bottom  of  the  arrangement.  The  fourth, 
r,  is  merely  brought  to  within  a  certain  distance  of  the  base, 
where  it  is  supported  by  strong  bearers  of  cast  iron,  firmly  fixed 
into  the  masonry  of  the  walls,  and  on  which  rests  a  heavy  block 
of  sandstone  called  the  tymp. 

At  a  distance  of  five  or  six  inches  beneath  the  tymp,  and  a 
little  in  advance  of  it,  is  placed  the  dam-done^  d,  which  has  a 


280 


noH. 


' 


pisDuddc  fonn,  and  is  securelj  fixed  by  a  strong  pece  of  cvt 
iron  of  peculiar  shi^,  which  oovers  its  outer  side,  and  is  known 
by  the  name  of  the  ikmirpiaie.  The  part  of  tiie  furnace  beoealJi 
the  tymp  is  called  the  erudble,  and  in  it  is  collected  the  fined 
metal,  until  a  sufficient  quantity  for  tapping  has  been  aocomu- 
lated. 

The  face  of  the  hearth  which  is  opposite  the  dam,  as  wA 
as  the  othor  two  sides,  are  perforated  a  little  above  the  krel 
of  the  tymp  with  holes,  ^  into  which  the  tuyeres  are  fitted,  l^ 
which  the  Uast  fix>m  the  blowing  Tna/»hinA  ig  conducted  into  the 
furnace. 

In  Older  that  the  workmen  may  be  enabled  to  pass  bom  one 
tuyere  to  another  without  loss  of  time,  it  is  usual  to  constract 
fi>ur  vaulted  galleries,  b,  connecting  the  various  arches  by 
means  of  which  the  tuyeres  and  sides  of  the  crucible  are  ap- 
proached. 

The  arrangement  of 
the  tuyeres  and  pipes 
conductingthe  air  fiom 
the  blowing  mschine 
is  shown  in  fig.  10^, 
which  representi  t 
horizontal    section  of 
the  furnace  at  the 
height  of  the  tuyerei. 
Each  <^  the  pipes,  p^ 
communicating    with 
the  dififerent  tny^es, 
tft,  t,  is  furnished  either 
with  a  throttle  vahe 
or  slide,  woi^ed  bys 
screw ;  by  the  aid  of 
which  the  quantify  of 
air    passing    through 
them  into  the  hearth 
is  easily  regulated,  or, 
if  necessary,   entirdy 
cut  off.    In  practice  it 
is  usual  to  build  two 
or  more  of  these  blast  furnaces  side  by  side,  and  when  the  situa- 
tion permits,  it  is  found  advantageous  to  place  them  at  the 
bottom  of  a  declivity,  in  such  a  way  as  to  be  enabled  to  connect 
their  summits  with  the  adjoining  high  ground  by  means  of  a 
bridge.    By  this  arrangement  it  becomes  easy  to  supply  the  fur- 
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\  with  the  neoessarj  ore  and  fuel ;  but  if  this  method,  from 
the  nAtare  of  the  coimtary,  camiot  be  adopted,  it  is  either  raised 
by  an  inclined  pkme  and  waggons  worked  by  the  engine  of  the 
blowing  machine,  or  by  a  moveable  platform  raised  by  compressed 
air  or  hydrauHc  pressure.  The  tops  of  the  furnaces  are  generally 
enlaiged  by  a  platform,  which,  to  prevent  accidents,  1$  railed. 
loond,  and  when  the  moveable  stage  is  employed,  the  ore  and 
other  matters  are  raised  in  iron  waggons,  wluch  can  be  readily 
traaBferred  to  a  oontmuation  of  railway  laid  on  the  platform  of 
the  furnace,  and  which  conducts  them  directly  to  the  throat, 
where  they  are  shot  by  tilting  the  wagons. 

In  order  that  the  moisture  may  readily  escape,  and  the  brick- 
work be  prevented  from  spHtting,  through  the  pressure  of  confined 
watery  Ti^xnir,  the  whole  of  the  masonry  constituting  the  exterior 
casing  of  the  apparatus  is  traversed  by  numerous  small  channels, 
by  whidi  the  drying  of  the  mass  is  greatly  facilitated.  The  work 
is  also  strongly  bound  together  on  the  outside  by  stout  iron 
bands,  which  are  made  to  bind  tightly  either  by  keys  or  screws 
and  nuts.  These  horizontal  bands  are  also  held  together  by  long 
verfciGal  bars,  to  which  they  are  attached  by  loop-eyes  or  strong 
serew-bolts,  and  by  this  means  great  strength  and  soHdity  are 
communicaiiftd  to  the  building. 

The  dimensions  of  these  mmaces  differ  very  much  according 
to  the  nature  of  the  product  which  is  sought  to  be  produced,  and 
the  richness  of  the  ores  operated  on.  The  height  is  extremely 
variable,  some  being  only  36  feet  high,  including  the  chimney; 
whilst  others  reach  an  elevation  of  60,  and  even  70  feet,  from  the 
giutiud. 

Hie  most  common  height  is,  however,  from  45  to  50  feet,  to 
which  must  be  added  that  of  the  chimney,  which  is  from  8  to  10 
feet  in  length,  and  frequently  formed  of  but  one  course  of  bricks, 
strongly  bound  together  by  stout  iron  rings  and  girders.  In 
some  instances  these  chimneys  are  so  firmly  ironed  that  their 
snrfiuse  is  half  covered  with  metal ;  two  doorways  are  usually  left 
OB  the  opposite  sides  of  the  base,  for  the  introauction  of  the  ore 
and  fiieL  The  throat  is  protected  and  held  together  by  a  large 
smukr  plate  of  cast  iron,  and  on  this  the  foundatioas  of  the 


The  indmation  of  the  boshes  will  depend  qu  the  nature  of  the 
cast  iron  which  it  is  desired  to  produce,  as  its  quality  appears  to 
be  moch  influenced  by  the  slope  given  to  this  part  of  the  fur- 


Where  very  dark  iron  for  the  purposes  of  casting  is  manufac- 
tned,  they  are  commonly  less  sloped  than  when  grey  iron  for 


232 


IBOy. 


snbseqnent  conversion  into  bars  is  required.    The  limit  oflihis 

difference  is  generally  about  5°,  t^ 
usual  angle  formed  hy  the  sides  of 
the  boshes  with  the  pcrpendiculir 
being  fix>m  65*  to  60", 

The  erection  of  a  pair  of  lk=t 
furnaces  of  40  feet  in  height  r. 
quires  820,000  conunon  bricks  for 
the  outside  masonrj,  and  80,00(> 
fire-bricks  for  the  refractoiy  limug 
on  the  inside. 

In  the  neighbourhood  of  Gks- 
gow,  and  in  other  localities  wbeie 
the  hot  blast  is  used,  the  bodj  of 
the  furnace  is  usually  made  of  a 
cylindrical  form,  as  represented  b 
figure  110. 

In  South  Wales,  and  particukHT 
in  the  neighbourhood  of  Pontypool, 
the  furnaces  are  of  a  much  le^ 
massive  construction^  as  the  upper 
and  lighter  portions  of  the  wort 
^   are  composed  of  a  single  thicImosF 

j ^  of  bricks  only.   These  ore  20  inches 

in  length,  and  made  to  suit  the  ! 
110.  various  curves  of  the  furnace.  The  | 

whole  apparatus  is  strongly  bound 
together  by  a  proper  arrangement  of  nron  stays,  and  is  found  to 
be  quite  as  durable  as  those  built  with  an  external  coating  of 
heavy  masonry. 

The  tuyeres  built  into  the  hearth  of  a  bList-fiimaoe  are  ccmical 
tubes  of  cast  iron,  a,  6,  c,  d,  fig.  111.   To  prevent  these  from  being 

melted  by  the  intense  heat  to 

^^^^^^  which  they  are  subjected,  an 

^^«d^^^tfEIH^^  IL^^0^^   ATiTiiilar  space  is  preserved  in 

the  metal  composing  the  sides 
of  the  cone.  Through  this 
opening  a  currentof  cold  water 
is  cons&ntlymadeto  circulate, 
by  means  of  two  tubes,  t,  t^, 
one  of  which,  t,  suppHes  the 
cold  water,  whilst  the  other,  tf,  carries  off  that  which  has  become 
heated.  In  these  are  placed  the  nozzles,  ir,  made  either  of  thin 
copper  or  sheet  iron,  and  being  connected  by  leathern  hose,  (X 
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otbarwise,  with  the  pipes  leading  from  the  blowing  machine, 
which  sapplies  air  to  the  furnace,  they  admit  of  b^og  readily 
moved  for  the  proper  adjustment  of  the  blast.  The  three  tuyeres 
situated  in  the  different  sides  of  the  hearth,  although  placed  at 
the  same  height  from  the  bottom,  are  not  set  exactly  at  right 
angles  to  the  hcea  of  the  crucible,  but  are  slightly  inclined  in 
opposite  directions,  to  prevent  the  different  currents  of  air  from 
coming  in  contact  with  each  other. 

KtowtHg  HmUim. — ^The  blowing  machine  ordinarily  employed, 
fig.  112,  consists  of  a  large  cast  iron  cylinder,  a,  accurately  turned 
on  the  inside,  and  pro- 
vided with  a  piston,  p, 
made  air-tight  by  a  me- 
tallic spring,  or  a  pack- 
ing of  troeed  hemp. 
The  cylinder.  A,  is  closed 
at  both  extremities  by 
iron  ends,  and  on  the 
cover  is  the  stuffing- 
box,  8,  through  which 
passes  the  rod,  s,  con- 
nected with  the  piston. 
The  cover  of  the  cylin- 
der is  provided  with  two 
lateral  openings,  v  v\ 
one  of  which,  v,  com- 
municates with  the  outer 
air,  and  is  furnished  with 
a  valve  opening  towards 
the  inside.  The  other, 
on  the  contrary,  i/,  opens 
outwards,  and  communicates  with  a  lateral  chamber,  b,  also  made 
ci  cast  iron.  The  lower  end  of  the  cylinder  is  provided  with 
omilar  valves  and  apertures :  that  marked  v,  which  establishes  a 
communication  between  the  external  air  and  the  space  beneath 
the  piston,  is  furnished  with  a  valve  oi>ening  inwards,  whilst  the 
other,  opening  into  the  lateral  chamber,  is  closed  by  a  valve,  t/, 
shutting  in  an  opposite  direction. 

The  better  to  understand  the  action  of  this  apparatus,  let  us 
suppose  that  the  piston  has  been  raised  to  its  full  height  in  the 
cylinder,  and  has  begun  to  be  again  forced  down.  If  the  valves 
V  f/^  are  closed,  the  air  contained  in  the  upper  part  of  the  vessel 
will  gradually  become  more  and  more  rarified,  and  the  difference 
of  density  between  the  air  in  this  part  of  the  cylinder,  and  that 
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of  the  extemal  atmosphere,  will  caoae  the  valve  t/  to  vppfy 
itself  firmly  agauut  the  metafile  sui&ce  hefore  whkh  it  is 
hmig. 

l3ie  valve  v,  on  the  oontrary,  which  opens  inwards,  w31  be 
lifted  as  soon  as  the  difference  hetween  the  density  of  the  inciosed 
air,  and  that  of  the  atmosphere,  is  sufficiently  great  to  overoome 
the  resistance  caused  by  its  meohanioai  adjnstonents ;  and  in  |»o- 
portion  as  the  piston  descends,  the  space  behind  it  will  be  ooca* 
pied  by  a  supply  of  atmospheric  air  arriving  from  witiioiit. 

The  motion  which  causes  the  air  above  the  piston  to  dilate,  wH 
evidently  at  the  same  time  compress  that  which  is  beneath,  in 
proportion  as  it  approaches  the  bottom  of  the  cylinder,  and  causes 
the  valve  v,  opening  inwards,  to  close  firmly  against  the  polished 
metal  surfikce  to  which  it  is  attached;  whilst  that  marked  ir', 
hung  in  a  contrary  direction,  will  open  and  allow  the  air  to  pass 
into  the  chamber  b,  finom  whence  it  escapes,  through  the  apertme 
Of  to  the  pipes  connected  with  ihiB  different  tuveres  of  ihe  fur- 
nace. In  tins  way  the  upper  portion  of  the  cylinder  draws  the 
air  fi^>m  without  during  the  descent  of  the  piston,  and  foroeB 
that  which  is  beneath  it  through  the  chamber  into  the  pipes  witii 
which  it  is  connected.  When  the  piston  is  raised,  the  reverse  of 
this  takes  place :  the  lower  portion  receives  air  finom  without, 
whilst  the  upper  discharges  that  which  it  contains  through  the 
various  pipes  leading  to  the  tuyeres.  The  machine  is  by  this 
means  made  to  throw  into  the  furnace  a  nearly  continuous  fioir 
of  air,  the  only  lame  at  which  the  current  is  interrupted  being 
ikihi  at  which  the  piston  has  reached  the  full  extent  of  its  stroke, 
and  before  it  has  beg^  to  move  in  a  contrary  direction. 

As,  however,  it  is  of  considerable  importance  that  the  regu- 
larity of  the  blast  should  not  be  impaired,  the  pipe  leading  finom 
the  chamber  b  is  made  to  communicate  with  a  large  closed  reser^ 
voir  of  wrought  iron,  where  the  variations  referred  to  are  lost 
through  the  elasticity  of  the  air  itself.  The  piston  of  the  blow- 
ing machine  is  almost  invariably  worked  by  steam  power,  being 
attached  by  a  parallel  adjustment  to  the  oscillating  beam  of  an 
engine.  In  many  cases  each  machine  is  provided  with  two  blow- 
ing cylinders  actmg  alternately  at  each  stroke  made  by  tibie  beam, 
by  which  the  motion  is  communicated.  The  power  required  to 
work  an  apparatus  of  this  kind  necessarily  depends  on  its  size, 
and  also  that  of  the  furnace  or  series  of  furnaces  which  it  sup- 
plies ;  but  as  an  average  about  one  horse  power  may  be  calculated 
for  every  2|  tons  weekly  produce  <^  metal.  At  one  of  the  large 
Welsh  smelting  establishments,  the  power  of  850  horses  is 
expended  in  blowing  12  furnaces  and  their  respective  fineries; 
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which,  if  we  dednet  one-eigbih  for  the  fineries,  will  leave  for  each 
a  fiffoe  of  between  25  and  26  horses.^ 

These  fbinaees  eadi  consume  on  an  average  3,600  cubic  feet  of 
air  per  minute,  and  ^ield  a  weekly  product  of  60  toi^  of  cast  iron : 
tiie  force  expended  m  blowing  will  therefore  be  equivalent  to  the 
power  of  one  horae  for  eveiy  2^h  tons  of  mietal  produced. 

The  |p:eat  blowing  cylinder  at  one  of  the  largest  of  the  South 
Wala  uxm  works  is  9  feet  4  inches  in  diameter,  and  8  feet  4 
inehes  in  height.  The  piston  has  a  range  of  8  feet,  and  makes 
13  strokes  in  a  minute,  which,  after  allowing  4  per  cent,  for  loss 
bj  vaiious  leakages,  gives  by  calcuktion  the  sum  of  12,588  cubic 
feet  of  air  expelled  from  the  apparatus  in  one  minute. 

The  pressure  at  which  the  blast  is  admitted  into  the  hearth 
TuieB  within  considerable  limits  according  to  the  season  of  the 
jear  and  the  nature  of  the  fosi  employed.  In  summer,  the  air 
bong  more  rarified  than  in  winter,  will,  in  a  given  bulk,  contain 
a  less  amount  of  oxygen ;  and  a  larger  quanti^  is  therefore  blown 
into  l^e  fiunace  to  produce  a  similar  r^ult. 

Wt^  very  light  and  easily  combustible  fuels,  such  as  the 
TBrioos  kinds  of  charcoal,  but  uttle  pressure  is  used ;  but  when  a 
Teiy  dense  fuel,  such  as  coke,  is  employed,  the  air  requires  to  be 
iDore  strongly  compressed.  The  smaJl  charcoal-fed  fomaces  of 
the  Continent  are  firequentlv  blown  with  a  pressure  not  exceedii^ 
half  a  pound  on  the  square  mch ;  but  this  is  more  or  less  modified 
aeoor&ig  to  the  nature  of  the  charges  with  which  it  is  supplied. 
For  ixke,  ihe  pressure  varies  firom  1}  to  8}  pounds  per  square  inch ; 
hut  these  numbers  represent  the  extreme  limits,  and  the  average 
win  probably  be  between  21  and  3  pounds  to  the  square  inch. 

^i"fci»g. — ^Having  described  the  blast  furnace,  and  the  different 
VTaagements  connected  with  its  action,  we  will  now  proceed  to 
the  stody  of  the  various  phenomena  which  influence  the  operation 
of  smdtmg  iron  ores. 

For  this  purpose  let  us  suppose  that  the  furnace  is  either  quite 
sew,  or  has  be^  recently  repaired,  and  it  will  be  therefore  neces- 
nry  to  commence  by  Ughtmg.  To  prevent  the  masonry  from 
bdng  injured  by  a  too  sudden  application  of  heat,  this  is  begun 
hf  piling  a  quantity  of  loose  fuel  in  the  arch  forming  the  breast 
of  &e  fumace :  on  lighting  this,  the  smoke  and  flame  enter  the 
Wy  of  the  i^paratus  through  the  orifice  left  open  between  the 
fymp  and  the  bottom  of  the  crucible,  as  at  this  point  of  the  opera- 
ta(»i  the  dam  is  left  entirely  open.  The  fire  is  to  be  thus  kept 
^  daring  several  successive  days,  and  as  soon  as  the  brick-work 
has  become  sufficiently  heated,  to  prevent  any  fear  of  accident 
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from  an  increase  of  temperature  the  fuel  is  thrown  into  the  fur- 
nace throufi^h  the  throat,  and  allowed  to  rise  as  &r  as  the  middle 
of  the  hoshes.  When  the  drying  is  still  further  advanced,  the 
whole  internal  cavity  is  gradually  filled  with  the  combustible 
which  is  to  be  employed  in  smelting  the  ore,  and  the  blast  gradu- 
ally and  cautiously  applied.  Afber  a  time  the  whole  force  of  air 
is  allowed  to  play  into  the  furnace,  and  when  the  fuel  has  suffi- 
ciently sunk,  a  snuill  charge  of  the  mineral  to  be  treated  is  thinly 
spread  on  its  surface.  Over  this  another  layer  of  coke  is  plaoea, 
and  when  it  has  again  sufficiently  subsideo,  more  oxte  and  coke 
are  successively  added,  until  at  the  expiration  of  several  days  the 
charges  of  ore,  which  were  at  first  extremely  small,  have  been 
gradually  increased  to  the  normal  proportion  employed  during  the 
whole  time  the  furnace  is  in  fire. 

It  is  essential  to  the  proper  working  of  the  apparatus,  that 
both  the  metal  and  gangue  contained  in  the  ore  should  be  fused 
to  a  perfectly  liquid  state,  in  order  that  their  separation  may  be 
readily  effected  by  the  difference  of  density.    It  nevertheless  sel- 
dom happens  that  the  minerals  treated  can  be  directly  smelted 
without  the  addition  of  a  proper  flux,  as  the  earthy  impurities 
which  they  contain  are  foimd  to  exert  a  very  un&vourabk  infiu- 
ence  on  the  process  of  smelting.     In  most  instances  the  gangue 
associated  with  the  ores  of  iron  consists  either  of  quartz  or  day, 
which  are  both  infusible  at  the  temperature  of  the  blast  furnace, 
and  can  only  be  melted  at  the  expense  of  a  certain  portion  of  the 
oxide  of  iron  contained  in  the  nmieral,  and  which,  by  passing  off 
in  the  slags,  considerably  reduces  the  amount  of  metal  obtained. 
If  the  mineral  operated  on  be  united  to  a  siliceous  gangue,  invi- 
sible at  the  ordinary  temperature  of  our  furnaces,  it  can  only  be 
made  to  melt  by  the  addition  of  a  proper  quantity  of  some  one 
or  more  bases,  with  which  it  forms  a  fuisible  silicate  at  the  tem- 
perature obtained.    If,  instead  of  adding  a  proper  base  to  the  ore, 
it  be  at  once  introduced  into  the  fiimaoe,  the  silicic  add  present 
combines  with  a  portion  of  the  oxide  of  iron,  and  a  fusible  slag  is 
produced,  containing  a  large  proportion  of  this  oxide,  whilst  the 
product  of  metal  will  be  proportionately  reduced.    In  case  of  the 
mineral  being  associated  with  an  argillaceous  gangue,  results  of  a 
very  similar  nature  will  be  obtained.     Silicate  of  alumina  is  of 
itself  almost  totally  infusible  in  the  blast  fiimace,  but,  on  being 
heated  with  a  mixture  of  iron  ore,  it  combines  with  a  portion  of 
the  oxide  of  that  metal,  and  forms  a  double  silicate  of  alumina 
and  iron,  which  is  much  more  readily  fused.    If  a  proper  amount 
of  carbonate  of  lime  be  thrown  into  the  fiunace,  together  with 
the  ore,  it  will,  during  its  descent  through  the  body  of  the 
apparatus,  be  converted  into  caustic  Hme,  which,  by  combining 
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with  the  silica  and  alumina  present,  gives  rise  to  the  pro* 
doction  of  a  Visible  double  silicate  of  lime  and  alumina,  in 
which  the  protoxide  of  iron  is  almost  entirely  replaced  by  the 
lime  added.  Should  the  sangue,  on  the  contrary,  be  chiefly  com- 
posed of  quartz,  it  will  be  necessary  to  add  both  carbonate  of 
mne  and  argillaceous  matter :  but  instead  of  doings  this  directly 
by  the  use  of  limestone  and  clays  rich  in  alumma,  it  is  fo\md 
more  advantageous  to  effect  the  same  object  by  a  judicious  mix- 
ture of  such  ores  as  contain  the  largest  quantities  of  the  sub- 
stances required. 

The  minerals  treated  in  many  localities  contain  a  large  amount 
of  carbonate  of  lime,  and  in  this  case  it  is  impossible  to  obtain 
satisfactory  results  without  a  due  admixture  of  silicate  of  alu- 


For  this  purpose  day  ironstone  is  most  frequently  employed, 
although  the  same  result  is  obtained  by  the  use  of  a  proper  mix- 
ture of  the  rich  silicate  of  protoxide  of  iron,  obtained  in  some  of 
theprocesses  to  be  hereafter  described. 

The  fusibility  of  the  double  silicate  of  Hme  and  alumina  is  also 
influenced  by  the  relative  proportions  of  its  various  constituents. 
Those  silicates  are  found  to  be  most  fusible  in  which  the  oxygen 
of  the  acid  is  double  the  amount  of  that  contained  in  the  united 
bases.  The  point  of  fusion  is  also  materially  affected  by  the 
relation  existmg  between  the  respective  amounts  in  which  the 
two  bases  are  combined ;  and  those  slags  are  invariably  the  most 
fusible  which  result  from  a  mixture  of  one  part  of  natural  day 
with  about  }  of  carbonate  of  lime.  It  has  also  been  observed, 
that,  all  other  circumstances  being  the  same,  the  frisibility  of  a 
silicate  is  greater  in  proportion  to  the  number  of  bases  which  it 
contains^  and  consequently  a  more  Hquid  scoria  is  obtained  by  the 
addition  of  a  magnesian  hmestone  thEUi  if  pure  carbonate  of  lime 
were  alone  employed.^ 

A  great  proportion  of  the  expense  incurred  in  the  metallurgic 
Izeatm^t  of  the  ores  of  iron  is  occasioned  by  the  large  quantises 
of  combustible  consumed,  and  it  is  consequently  of  the  highest 
importance  to  reduce  as  far  as  possible  tms  expenditure  of  friel. 
For  this  reason  it  is  usual  to  increase  the  weight  of  the  charges 
of  ore  until  the  metal  produced  suffers  more  fi^m  deterioration  in 
quality  than  can  be  gained  by  economy  of  the  combustible,  and 
the  woiidng  of  the  frimaces  will  therefore  be  most  advantageously 
conducted  when  these  limits  are  most  nearly  approached.  The 
fuel  employed  in  the  blast  furnace  is  either  charcoal,  coke,  or  coal, 
and  the  nature  of  the  products  obtained  will  be  in  a  great  degree 

^  Tbe  piCBcnoe  of  magnesia  in  the  limestone  employed  is  thought  to  he  preja- 
didal  to  the  quality  of  the  iron  produced. 
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influfinoed  hj  the  nature  of  the  combustible  with  whidi  the 
apparatus  is  kept  si^plied.  When  charcoal  is  the  fuel  used,  the 
amount  of  inoombustible  matter  produced  is  veiy  small,  and  be- 
sides being  extremely  fusible,  it  does  not  contain  any  ingredient 
detrimental  to  the  quality  of  the  iron  manufactured.  In  fiimaoes, 
therefore,  in  which  charcoal  is  consumed,  the  problem  songht  is 
the  formation  of  the  most  fusible  slags  which  can  be  produced; 
and  great  care  is  at  the  same  time  taken  to  exdude  from  the 
charge  any  impurities  likely  to  exert  an  unfiiYOurable  infiuenoe  on 
the  properties  of  the  metal  obtamed.  The  slag  resulting  from 
this  method  of  treatment  is  a  nearly  pure  double  silicate  of  lime 
and  alumina,  containing  but  slight  traces  of  protoxide  of  iron, 
and  in  which  the  oxygen  of  the  add  is  just  double  that  of  the 
united  bases. 

With  coke,  on  the  contrary,  the  amount  of  ash  left  is  often 
considerable ;  and  as  the  Aiel  frequently  contains  sulphide  of  iron, 
resulting  from  pyrites  present  in  the  coal  from  which  it  was  made, 
the  sulphur  thus  introduced  into  the  furnace  unites  with  the  iron 
produced,  and  materially  affects  its  quality.  If  in  this  case  the 
mixture  of  ores  were  arranged  so  as  to  again  give  rise  to  the 
formation  of  a  double  silicate,  having  the  same  composition  as 
that  obtained  in  the  charcoal  frunace,  a  large  propor^on  of  the 
sulphur  present  would  unite  with  the  metal,  thereby  greatly 
deteriorating  its  quality,  and  totally  unfitting  it  for  the  majorilnr 
of  manufacturing  purposes. 

Experience  has  shown,  that  when  an  excess  of  lime  is  under 
these  circumstances  present  in  the  furnace,  the  sulphur  no  longer 
possesses  a  tendency  to  unite  with  the  iron,  but  passes  off  in  the 
slags  in  the  form  of  sulphide  of  calcium.  The  slag  resultii^ 
from  this  method  of  operating,  instead  of  being  a  double  silicate, 
in  which  the  oxygen  in  the  base  is  but  half  that  contained  in 
the  add,  will  form  a  silicate  in  which  the  oxygen  of  the  hase  is 
equal  to  that  of  the  acid,  and  is  consequently  more  infrisible  tium 
the  slaffs  produced  by  the  charcoal  frurnace,  and  therefore  requires 
a  very  high  temperature  in  order  to  cause  it  to  flow  freely  from 
the  hearth.  The  metal  manufactured  by  the  use  of  coke  is  usuallj 
of  inferior  quality  to  that  obtained  from  furnaces  where  charcoal 
is  employed ;  but  the  great  expense  of  the  latter  fuel  causes  it  to 
be  applied  only  where  iron  of  the  best  sort  is  required. 

CheMical  Actimt  of  the  BkMti — ^The  chemical  changes  which 
occur  during  the  process  of  smelting  iron  ores  in  the  ordinary 
frunace,  will  be  perhaps  best  xmderstood  by  first  examining  the 
various  reactions  produced  by  the  injected  air  during  its  ascent 
from  the  tuyeres  to  the  throat,  and  afterwards  tracing  the  gradual 
alterations  effected  in  the  ore  and  fud  during  its  slow  descent 
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tturoogh  the  diflEbrent  parte  of  the  mtemal  caviW  of  the  apparatus. 
The  ore  and  fuel  are,  as  before  stated,  thrown  into  the  ftirnace  in 
Rguhir  strata,  and  descend  in  Ihe  same  order  until  they  reach 
the  belly  or  upper  part  of  the  boshes.  The  temperature  of  the 
upper  part,  or  oone,  is  not  yety  considerable :  in  the  neighbour- 
hood of  the  boshes  much  more  heat  is  evolved,  whilst  in  the 
bearl^  is  developed  its  TnaxiTmim  intensity. 

The  air  thrown  in  to  the  hearth  there  meets  with  fuel  in  a 
bigUy  incandescent  state,  and  from  the  large  excess  of  oiygen 
present,  vigorous  local  combustion  ensues.  This  combustion 
eaiiaed  by  the  blast  extends  to  about  the  middle  of  the  boshes, 
bat  its  activity  is  there  mudi  less  than  in  the  hearth  itself,  as 
the  laiger  portion  of  the  oxygen  is  already  converted  into  car- 
bonic acid  before  that  point  has  been  reached  by  the  ascending 
euiTent. 

The  gases  which  reach  the  upper  part  of  the  boshes  are  chiefly 
compost  of  nitrogen  and  carbonic  add,  and  as  they  have  acquired 
an  elevated  temperature,  communicate  a  portion  of  their  heat  to 
the  combustible  and  mineral  occupying  the  lower  portion  of  the 
body  or  cone.  Here,  from  the  facility  with  which  carbonic  add 
is  at  elevated  temperatures  converted  by  the  presence  of  carbon 
into  carbonic  oxide,  another  change  takes  place.  The  heated 
carbonic  add,  on  arriving  at^the  base  of  the  cone,  is  decomposed 
by  the  fuel  with  which  it  comes  in  contact,  and  combining  with 
a  quantity  of  carbon  equal  to  that  which  it  aheady  contains,  be- 
eomes  converted  into  carbonic  oxide.  Each  atom  of  carbonic 
oxide  thus  produced  occupies  exactly  the  same  space  as  the  car- 
bonic add  from  which  it  was  generated,  and  as  eveiy  atom  of  the 
Litter,  b^  uniting  with  an  atom  of  carbon,  gives  rise  to  two  of  the 
ibnner,  it  follows  that  a  great  expansion  of  volume  takes  place. 
This  dflatation  must,  according  to  the  known  laws  of  physics,  cause 
the  absorption  of  a  corresponding  amount  of  heat,  so  that  the 
tanperature  will,  instead  of  bemg  increased,  be  considerably 
dimmiahed,  and  whilst  the  boshes  are  at  a  white  heat,  the  base  of 
the  cone  will  be  merely  red-hot. 

The  gases  existing  in  this  region  now  consist  of  a  mixture  of 
nifanogen  and  carbonic  oxide,  which  must  in  their  ascent  traverse 
the  heated  ore  and  fuel  contained  in  the  higher  part  of  the  boshes 
and  cone  of  the  furnace.  In  doing  this,  the  carbonic  oxide 
readily  acts  at  a  high  temperature  on  the  oxide  of  iron,  and 
reduces  it  to  the  metallic  state,  so  that  there  is  formed  in  this 
part  of  the  arrangement  a  mixture  of  gangue,  lime,  and  metallic 
iron.  This  reduction  of  iron  causes  the  reproduction  of  a  portion 
of  carbonic  add,  at  the  expense  of  the  oxide  of  carbon,  and  another 
portion  is  derived  from  the  carbonate  of  lime  used  as  a  flux. 
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which  is  at  this  point  converted  into  caustic  lime  by  the  expulsion 
of  its  carbonic  acid.  The  gases  which  escape  by  the  throat  of  the 
furnace  therefore  consist  of  nitrogen,  carbonic  oxide,  and  carbonic 
acid,  together  with  hydrogen  and  carburetted  hydrogen,  arising 
firom  the  dry  distillation  in  the  upper  part  of  the  cone,  of  the 
combustible  employed  as  fuel,  and  whicn  is  never  so  thoroughly 
charred  as  not  to  yield  a  certain  amount  of  these  gases  when  sub- 
jected to  an  elevated  temperature.  The  quantiiy  of  carbonic 
oxide  and  hydrc^n  is  also  slightly  augmented  by  the  moifitme 
which  enters  with  the  blast  through  the  tuyeres,  and  is  decom- 
posed by  traversing  the  layers  of  heated  fuel  contained  in  the  body 
of  the  nimaoe.  The  gases  which  escape  from  the  chimney  ure 
seldom  very  highly  heated,  but  are  exceedingly  combustible,  and 
on  being  ignited  bum  with  a  dear  transparent  flame,  which  con- 
tinues during  the  whole  time  the  furnace  is  in  action. 

The  following  Tables  exhibit  the  per-centage  oomposiiiofn  o[ 
the  gases  issuing  from  the  furnaces  of  Yickerh^n,  in  Germany, 
and  Baerum,  in  Norway.  The  ore  in  both  tnese  localities  is 
treated  by  the  aid  of  wood  charcoal,  and  the  gases  were  obtained 
from  various  distances  below  the  throat  or  tunnel-hole,  by  pajssing 
a  wrought  iron  pipe  to  the  depth  at  which  it  was  desired  to  exa- 
mine the  products  of  combustion.  To  the  upper  extremity  of  this 
tube  was  connected  a  leaden  pipe,  by  which  the  gases  were  con- 
ducted to  a  place  suited  for  their  anaLysis,  and  bv  this  means  were 
readily  collected  in  sealed  glass  tubes,  from  which  they  could  be 
subsequently  transferred  into  vessels  properly  graduated  for 
eudiometrical  examination.  The  experiments  on  the  Gterman 
frimace  are  by  Professor  Bunsen,  and  those  made  at  the  Baerum 
Iron  Works,  by  Scheerer  and  Langberg. 


Height  above  the 
Tuyere. 

Compoflition  according  to  volume  of  the  Gases  at 
Vickerhagen. 

171ft. 

16i 

143 

13i 

Hi 

H 

H 

Nitrogen     . 
Carbonic  Acid    . 
Carbonic  Oxide 
Light  Carburetted    ) 
Hydrogea         .    j 
Hydrogen, 

62-34 

8-77 

2420 

8-36 

1-88 

62-26 
1114 
22-24 

3-10 

1-27 

66-29 

3-22 

25-77 

4-04 

0-68 

62-47 

8-44 

80-08 

2-24 

1-77 

68-89 

8-60 

29-27 

107 

217 

61-45 

7-57 

26-99 

3-84 

0-16 

64-5« 

5-97 

26  51 

1-88 

1-06 

100-00 

100-00 

100-00 

10000 

100-00 

100-00 

lOO-OO 
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CcMBpoeitia&  according  to  yohime  of  the  Gases  at 
Baeram. 

23  ft. 

20J 

18 

16J 

18 

10 

GnbonkAcid    . 
GnboDie  Oxide . 
Ug^OBtrarettedHy- 

dngen  . 
Hjdi^pn. 

64-48 

22-20 

8-04 

8-87 
1-46 

62-65 
18-21 
16-83 

1-28 
2-58 

68-20 
12-45 
18-67 

1-27 
4-61 

64-28 

4-27 

29-17 

1-28 
1-06 

66-12 

8-50 

20-28 

1-18 
8-92 

64-97 

6-69 

26-88 

0-00 
2-96 

100-00 

100-00 

100-00 

100-00 

100-00 

100*00 

If  we  now  eraTnJTie  the  changes  produced  during  the  descent  of 
the  eve  and  fbeL  to  the  hearth,  we  shall  find  th^  very  different 
chemical  reactions  are  eflfected  in  the  yarions  parts  of  the  i^imace. 
In  the  nesghbonihood  of  the  throat  the  hygroscopic  water  will 
aloiie  he  dnven  oEL  When  they  have  sank  to  the  distance  of 
ten  or  tweLve  fe^  from  the  suifaoCt  the  combined  water  of  the 
hydrated  oxide  of  iron  begins  to  be  expelled,  whilst  still  a  little 
fiffther  down  the  carbonic  acid  both  of  the  ore  and  flax  is  par- 
tially eliminated,  and  a  portion  of  the  oxide  of  iron  becomes 
redneed  to  the  metallic  state.  This  redaction  is  completed,  and 
the  remaindeir  of  the  carbonic  acid  expelled  in  the  lower  part  of 
the  eone  and  tbe  commencement  of  the  boshes.  When  the  sub- 
abaooes  reach  the  lower  part  of  the  boshes,  they  there  meet  with 
a  anidi  more  elevated  t^peratore,  and  the  hme  added  as  a  flux, 
together  with  the  ash  contained  in  the  fliel,  combines  with  the 
silica  to  form  various  double  silicates,  which  are  afterwards  melted, 
and  coDBtitate  a  fbdble  slaff . 

Li  tfaifl  region,  also,  the  iron  is  exposed  to  intense  heat  in  the 
fceacDoe  of  carbon,  and  a  certain  porhon  of  this  substance  is  con- 
seqneotly  taken  up  by  the  metal  which  passes  to  the  state  of  cast 
inm.  A  small  quantity  of  silica  is  at  the  same  time  reduced  in  this 
part  of  the  fornaoe ;  this  decomposition  is  caused  by  the  presence 
cf  iron  and  carbon :  with  the  forst  of  these  the  resulting  silicium 
eoAeES  into  oombination,  while  the  abstracted  oxygen  unites  with 
earbon,  and  {^ves  rise  to  the  formation  of  carbonic  add  gas. 

The  diarge  thus  modified  now  arrives  at  the  upper  part  of  the 
hearth,  where,  bom  tiie  intensity  of  the  heat  generated  by  the 
action  of  the  blast  on  what  remains  of  the  fuel,  both  the  silicates 
and  the  cast  iron  become  completely  fused,  and  fedl  in  a  liquid 
shower  into  the  erudble  beneath.  As  has  been  before  observed, 
the  atmosphere  present  in  this  portion  of  the  i^paratus  is  extremely 
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oxidising ;  and  it  is  therefore  absolutely  neoessaiy  that  the  hearth 
be  80  oonstnicted  as  to  cause  the  melted  products  to  Ml  rapidly 
through  the  zone  of  oxidation.  If  the  materials,  on  armrixig  ib 
the  termination  of  the  lioshes,  were  allowed  to  remain  too  long 
exposed  to  the  oxidising  influenoe  there  present,  a  oonsidenikis 
portion  of  the  reduced  metal  would  again  be  oonvearted  into  oxide, 
and,  unitmg  with  the  silicates  of  the  gangue,  pass  off  in  iiie  form 
of  liquid  slae.  On  reaching  the  crucible,  tiie  mixture  of  metal 
and  fused  sihcates  arrange  themselves  according  tp  the  cacdst  of 
their  densities :  the  iron,  from  its  greater  specific  grayiiy,  oocapies 
the  lowest  position  in  the  hearth,  while  the  bghter  silkaates  float 
on  its  surfiice,  and  senre  as  a  protection  firom  all  oxidating  influ- 
ences. The  Yolume  of  slag  thus  produced  is  always  five  or  six 
times  ereater  than  that  of  uie  iron  obtained,  and  consequently  it 
soon  rises  to  the  level  of  the  dam-plate,  and  flowing  over,  escapes 
on  the  top  of  the  inclined  plane  to  the  ground  <m  which  the  fiir- 
nace  is  built.  When  the  surface  of  these  slags  become  pasty  from 
cooling,  and  it  therefore  ceases  to  flow  readily,  the  hardiraied  acorn 
is  removed  by  means  of  pointed  iron  levers  resting  on  the  lateral 
plate  of  the  incUne,  and  which,  for  the  purpose  of  affording  a  bett» 
fulcrum,  is  often  coarsely  notched  like  the  teeth  of  a  large  saw.* 
During  the  time  the  sLag  is  being  gradually  removed  flom  the 
inclined  plane,  the  cast  iron  is  slowly  accumulating  in  the  bottom 
of  the  crucible,  and,  if  not  withdrawn  at  proper  mtervalsy  would 
ultimately  rise  to  the  height  of  the  dam-plate,  and  escape  by  the 
same  channel  which  affords  egress  to  the  fused  silicates.  When, 
however,  the  crucible  has  become  neaiiy  filled  with  metal,  which, 
according  to  the  construction  of  the  flimaoe,  happens  either  once 
or  twice  in  the  course  of  twenty-four  hours,  the  iron  is  drawn,  o^' 
in  order  to  nuJce  room  for  a  fir^h  accumulation. 

This  removal  of  the  liquid  metal  is  called  tapping,  and  is  efl&eted 
by  piercing  with  a  long  bar  a  plug  of  clay,  with  which,  during  the 
previous  operations,  a  hole  communicating  with  the  bottom  of  the 
crucible  had  been  tightly  closed.  Before  proceeding  to  tap,  tiie 
workmen  prepare  moulds  for  the  reception  of  the  liquid  meUl,  by 
excavating  in  the  sand  composing  tiiie  floor  of  the  workshop  a 
series  of  parallel  trenches  connected  by  a  channel  which  traverses 
all  at  right  angles,  and  places  them  m  communication  with  tiie 
hole  at  the  bottom  of  the  hearth,  by  which  the  liquid  metal  is 
withdrawn.  The  blast  is  now  shut  off  from  the  tuyeres,  and  tiie 
plug  of  refiractory  day  rapidly  removed :  this  allows  the  melted 
iron  to  flow  into  the  channd  communicating  with  the  mould; 

1  Instead  of  removing  tibe  sbga  as  here  described,  they  are  now  more  frequently 
moulded  into  large  blodu  by  bdng  alloired  to  flow  into  iron  waggons  nandng  on 
a  railway.— i3ed  FrootispieQe. 
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Irare  it  assiimes  the  form  of  semi-cjlmdrical  bars  or  pigs,  united 
hj  one  of  larger  dimensions,  called  a  sow,  and  from  which  they  are 
easily  separated  by  being  broken  off  at  the  points  of  connection, 
which  are  for  this  reason  purposely  made  thinner  than  the  other 
parts  of  the  bars.  When  the  whole  has  been  drawn  off,  the  air  is 
again  admitted  into  the  furnace,  and  the  smelting  operations  as 
above  described  are  repeated,  until,  &onx  the  quantity  of  metal 
accumulated,  a  second  tapping  becomes  necessary. 

The  quality  and  consequent  value  of  pig  ircn  is  not  only  modified 
by  the  form  and  size  of  the  famace  from  which  it  has  been  obtained, 
biot  also  in  a  great  measure  depends  on  the  nature  of  the  ore  from 
which  it  is  reduced,  as  well  as  on  the  composition  of  the  parti- 
cular fuel  with  which  the  frumace  is  supplied.  /With  minerals 
having  the  same  composition,  the  iron  produced  by  the  employ- 
ment of  charcoal  is  generally  of  uniform  quality,  and  well  fitted 
both  for  the  purposes  of  Casting  and  convension  into  malleable 
iron ;  but  when  tike  smelting  is  effected  by  the  use  of  ordinary 
ec^  the  nature  of  the  product  is  much  more  liable  to  variation. 
The  products  resulting  from  these  different  processes  may  be 
divided  into  three  distinct  classes. 

lat.  Ortif  cast  iron,  which,  in  flowing  from  the  crucible,  throws 
out  nine  scintillations,  and  on  cooling  exhibits  a  finely  crystalline 
soifiMse.  This  kind  congeals  very  slowly,  and  when  cast  into  pigs 
frequently  presents  smooth  concave  sturfaces.  When  remelt^ 
this  metal  forms  an  excellent  material  for  castings,  but  is  very 
toft  and  only  moderately  tenacious  when  first  obtained  firom  the 
fionaoe. 

2nd.  MatlUd  east  iron  is  somewhat  lighter  in  colour  than  the 
preceding,  and  when  broken  presents  a  peculiar  mottled  appear- 
ance, from  which  it  derives  its  name.  Ite  structure  is  more  open 
than  that  of  the  grey  variety,  but  it  makes  excellent  castings, 
particularly  when  the  grey  tinge  predominates,  and  when  of  a 
fighter  hue  is  advanta^usly  employed  for  the  manufacture  of 
foft  iron.  It  admits  of  being  readily  turned  and  filed,  and  takes 
a  good  polish. 

Sid.  FF%d0  au<  tfvn  is  haid  and  brittle,  and  presents  a  radiated 

kmeOar  fracture.    On  tapping,  it  flows  sluggishly  from  the  frir- 

nace,  and  throws  out  an  abundance  of  brilliant  white  scintillations ; 

it  is  80  hard  that  it  cannot  be  cut  even  by  tempered  steel ;  when 

lefined,  it  yields  wrought  iron  of  bad  quality,  and  is  a  sure  indi- 

^otion  of  some  derangement  having  taken  place  in  the  working  of 

Itiie  fanuioe.  It  is  omy  employed  for  coarse  castings,  and  is  never 

I  ived  in  the  construction  of  machinery. 

1     In  order  to  obtain  cast  iron  of  good  quality,  the  charge  of  ore 
dkonld  nev^  reach  the  maximum  amount  whidi  the  fuel  is  capable 
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of  redncme,  as  without  an  excess  of  carbon  tbe  famaoe  is  EaUe^ 
from  the  sGghtest  accidental  circnmstanoey  to  produce  white  iron, 
which  is  &r  too  brittle  to  be  employed  for  ordinary  purposes. 

It  is  also  necessary  that  tbe  various  arraDmnents  of  a  furnace 
should  be  ordered  with  distinct  reference  to  w  nature  oiibe  fuel 
with  which  it  is  to  be  su|^lied,  as  Hie  form  of  Ae  appanisoB  most 
1)0  made  to  vary  so  as  to  suit  tiie  peculiar  properties  of  tiie  oom^ 
bustible  employed.  When  the  diameter  of  the  hearth  is  amally 
the  charges  from  abore  pass  slowly  into  the  crudUe ;  and  if  a 
proper  amount  of  combustible  reaches  this  part  of  the  fumaoe;,  the 
ore  will  remain  a  sufiBoient  kngth  of  time  in  the  region  of  most 
intense  heati  to  allow  of  the  coniplete  separation  of  the  metal 
from  tiie  fusible  slag  with  which  it  is  associated.  J£,  on  the  oon- 
trary,  the  fuel  is  of  a  very  oombustiUe  nature,  such  as  charcoal 
from  the  lighter  kinds  of  wood,  and  a  strong  blast  be  at  the  same 
time  employed,  the  greater  portion  is  consumed  befoEre  arriving 
at  the  proper  distance  from  the  tayerw ;  and  as  in  this  caae  tiie 
oxidising  Eone  is  found  to  exist  hi^  up  at  the  boshes^  the  reduced 
metal  will  consequently  not  remain  a  sufficient  length  of  time  in 
contact  with  car burisinff  influences,  to  absorb  the  quantity  neoes* 
saiy  to  give  it  the  required  degree  of  fluidity,  snd  a  laige  portion 
becomes  reoxidised  by  traversing  the  currents  of  air  funidied  by 
the  tuyeres.  The  product  which  thus  arrives  in  the  cnuable 
consists  of  half-refined  cast  iron,  difficult  to  fose,  and  small  in 
quantity,  as  the  portionB  oxidised,  by  passing  through  the  blast 
from  the  diiferoit  nozzles,  pass  off  in  the  r^ulting  sli^,  nnder 
the  form  of  the  silicate  of  iron.  The  imperfectly  carburetted  iron 
thus  produced  frequently  attaches  itself  to  the  internal  lining  of 
the  frmoace  immediately  above  the  tuyeres,  and  there  beoomii]^ 
cooled  by  the  current  of  air  forced  into  the  furnace,  so  interferes 
with  the  action  of  tiie  apparatus  as  to  make  it  necessary  to  ex- 
tinguish the  fire  and  remove  the  obstacle. 

When,  on  the  other  hand,  the  hearth  is  very  large,  witibout 
possessing  sufficient  height,  and  tiie  fuel  is  not  readily  combus- 
tible, or  the  blast  feeble  and  insufficient,  the  temperature  produced 
in  the  hearth  will  be  extremely  high,  but  that  of  the  boshes  be- 
comes cooled  bdow  the  point  necessary  ior  the  succes^ol  working' 
of  the  fiunaoe.  This  deficiency  of  heat  in  the  tqpper  port  of  the 
furnace  causes  the  minerals  of  which  the  charges  are  compoeed  to 
arrive  in  the  hearth  in  an  incompletely  prqwred  state ;  and  as  tiiey 
have  not  then  sufficient  time  to  acquire  the  necessary  temperature, 
the  siHcates  produced  remain  in  a  pasty  and  partially  friaed  states 
by  which  the  crucible  is  not  unfrequently  choked,  and  the  action  of 
the  frurnace  seriously  deranged.  A  somewhat  similar  inconvenience 
iR  sometimes  caused  by  the  density  and  impermeability  of  tli^ 


SKeiXSH  PBOOSSS  OF  XBOIT  8HELTIKG.  245 

flunetalfl  treated,  for  in  thid  case  the  ore  is  but  slightlj  affected 
by  the  gaseous  oxide  of  carbon,  through  which  it  passes  in  its 
descent  towards  the  hearth,  and  is  consequently  only  reduced  by 
actual  contact  with  the  carbonaceous  matter  with  which  the  for- 
naoe  is  supplied.  This  difficulty  may  be  in  a  great  measure 
remedied  by  roasting  the  ores  previous  to  being  smelted,  as  they 
«f«  thereby  rendered  more  fnable,  and  consequently  expose  a 
laiger  sur&ce  to  the  action  of  the  reducing  gases,  than  if  passed 
to  the  furnace  directly  from  the  mine. 

^■"iw»  •m. — ^Afber  afumace  has  been  in  action  a  considerable 
period,  its  internal  lining  becomes  extensively  corroded  through 
tibe  ac^n  of  the  siliceous  compounds  constituting  the  slag.  'The 
parts  most  liable  to  be  affected  by  being  thus  acted  on  are  the 
nearft  and  boshes,  which  not  only  become  much  enlarged,  but 
are  also  so  unequally  attacked  on  dke  different  sides  as  to  materi- 
aDy  affect  their  form,  and  intarfere  with  the  functions  they  were 
destined  to  fdlSL  When  this  takes  place  the  working  of  the 
furnace  is  very  un&vouraUy  influenced,  and  it  becomes  necessaty 
to  modify  the  relative  proportions  of  ore,  flux,  and  fuel,  with 
mhiA  it  is  supplied.  In  most  instances  it  is  expedient  to  in- 
crease the  proportion  of  fuel  employed ;  but  when  the  amount 
required  becomes  considerably  augmented,  the  furnace  must  be 
tlmtm  ^uiy  and  its  refractory  lining  thoroushlr  repaired.  When 
this  is  to  be  done,  the  appaoratus  is  charged  with  ^lel  only,  until 
the  whole  of  the  metal  and  slag  which  it  contained  at  the  time 
of  eeasing  the  addition  of  ore  and  flux  is  entirely  drawn  off;  and 
after  aflowing  it  to  become  completely  empty,  it  is  left  to  cool 
during  a  oonsiderable  period. 

The  whole  of  the  interior  lining  is  now  remoyed  and  carefblly 
replaced,  without  in  any  way  disturbing  the  outer  coating  of 
maaonrr,  which  is  less  subject  to  injury,  and  therefbre  seldom 
stands  in  need  of  repair.  A  well-consbructed  blast  furnace  should 
work  from  four  to  five  years  before  requiring  the  reconstruction 
of  its  refractory  lining.  Some  of  the  Welsh  furnaces,  and  par- 
taeolaily  those  in  the  neighbourhood  of  Herthyr-Tydvil,  have 
been  known  to  work  more  than  ten  years  without  requiring  any 
extensive  repairs,  and  even  at  the  expiration  of  this  period  the 
lower  portions  of  the  lining  only  have  required  entire  reconstruc- 
tion, as  the  superior  portion  of  the  cone,  from  being  exposed  to 
a  lower  temperature,  is  still  less  affected,  and  sometimes  holds 
good  for  nearly  forty  years. 

The  quantity  of  coke  required  to  produce  a  given  weight  of 
east  iron  depends  not  only  on  the  reuttive  richness  of  the  ores 
and  combustible  employed,  but  is  also  considerably  influenced 
hy  the  nature  of  the  gangue  with  which  the  mineral  is  associated, 
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and  the  fonn  and  dimendonB  of  the  funaoe  in  wfaich  tiie 
prooesB  of  smelting  is  carried  on.  When  charcoal  ia  the  fuel 
ased,  evenr  part  of  metal  produced  requires,  on  an  avera^,  1| 
parts  of  mel  for  its  preparation.  In  Staffordshire,  from  3^  to 
4  tons  of  coal,  including  that  employed  for  roasting  the  aiie» 
are  required  for  the  production  of  one  ton  of  cast  iron.  In  "Wales 
the  coal  produces  a  larger  per-centage  of  coke  than  that  'which 
is  ohtaineid  in  the  above  locality,  and  each  ton  of  cast  iron  is 
there  calculated  to  require  for  ito  manufacture  3  tons  of  coal, 
equal  to  about  2*1  tons  of  coke,  in  which  form  it  is  supplied  to 
the  Aimace. 

JLvpUcaUmi  mi  thm  Mat  Blut — ^The  blast  of  oold  air  whidi  con- 
stantly enters  the  furnace  hearth,  and  supplies  the  oxygen  neces- 
sary to  the  combustion  of  the  fuel,  evidently  absorbs  a  portion  of 
the  heat  thus  generated,  and  prevents  the  temperature  £roxn  ever 
rising  beyond  a  certain  Hmit,  as  although  the  introduction  of  a 
greater  volume  of  air  would  increase  the  quantity  of  oxygen  pre- 
sent, and  thereby  produce  a  more  rapid  combustion,  yet  at  the 
same  time  the  larger  volume  of  cold  air  thus  introduced  miut 
absorb  more  of  the  heat  generated,and  a  kind  of  thenno-equilibrium 
is  at  length  attained.  The  heat  developed  by  the  combustion  k 
distributed  in  three  different  portions:  one  is  communicated  to  the 
remaining  fuel ;  another  divided  between  the  nitrogen  of  the  in- 
jected air  and  the  volatile  products  of  combustion ;  and  a  third 
appropriated  by  the  ore  and  flux  present,  and  afterwards  dissipated 
by  diffusion  so  as  to  keepup  a  nearly  equal  temperature  in  eveiy  part 
of  the  zone,  in  which  combustion  proceeds  with  equal  rapidiiy . 

If,  then,  we  suppose  that  two  ftimaces  be  in  every  re^>eci 
similar,  and  each  supplied  with  equal  amounts  of  the  same  fuel, 
and  an  equal  weight  of  air,  in  a  given  time,  but  that  the  one  be 
blown  with  hot,  and  the  other  with  cold  air,  we  shall  at  cmce  see 
that  the  temperature  of  the  one  can  be  raised  much  above  that  of 
the  other.  The  quantity  of  ^1  consumed  during  a  given  time 
will  in  each  case  be  nearly  equal,  and  consequently  the  amount  of 
heat  generated  should  be  the  same ;  but  still  the  fumaoe  supplied 
with  hot  air  requires  less  heat  than  the  other,  in  order  to  elevate 
the  air  with  which  it  is  supphed  to  the  temperature  of  the  interior 
of  the  hearth,  and  may  therefore  be  heated  proportionally  hotter 
than  that  in  which  the  hot  blast  is  injected.  It  has  been  cal- 
culated, that  by  the  use  of  the  oold  blast  at  572*  Fah.,  instead  of 
60^  Fah.,  a  furnace  may  have  its  temperature  increased  about 
one-eighth;  and  if  we  therefore  assume  the  temperature  obtained 
by  working  with  cold  air  to  be  on  an  average  2700*  Fah.,  we  find 
that  this  may  be  increased  to  3060*  Fah.,  making  a  di£fearenoe  of 
360*  in  the  effective  heat  of  the  fomace. 
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'  It  therefore  fdlows  that  many  sahstanoes  infiisiUe  in  an 
i^paratuB  hlown  with  cold  air,  may  readily  he  melted  when  heated 
air  ifl  employed.  The  fuel  uaed,  if  of  a  slightly  inflammable  na- 
taie,  would  also  hum  more  readily,  as  from  the  higher  tempera- 
ture at  which  it  is  brought  into  contact  with  the  blast,  its  affinity 
for  oxygen  will  be  matmally  increased.  By  this  means,  then,  we 
are  not  only  enabled  to  melt  bodies  invisible  in  the  ordinaiy  ^- 
ikaee,  but  also  to  employ  fuel  of  an  inferior  description. 

Experience  has  shown,  that  if  a  furnace  going  well  with  the 
ordinary  cold  blast,  be  afterwards  supplied  with  heated  air,  the 
amount  of  fuel  added  may  be  considerably  reduced  without  affect- 
ing the  proper  working  of  the  apparatus.  The  substitution  of 
hot  air,  mstead  of  cold,  nevertheless  materially  affects  the  nature 
of  the  reactions  which  take  place  in  the  different  parts  of  the 
sq>paratii8.  The  amount  of  combustibles  being  diminished,  and 
the  quantity  of  air  supplied  from  the  tuyeres  b^g  in  proportion 
to  the  weight  of  foel  used,  it  necessarily  follows  thsit  the  amount 
of  gas  passing  through  l^e  tonaoe  is  much  less  in  proportion  to 
the  mineral  employed,  than  in  a  ftunadb  working  with  a  cold  blast. 
If,  then,  the  temperature  of  the  hearth,  notwithstanding  the 
^minished  quantity  of  fuel,  be  assumed  to  be  the  same  as  S  cold 
air  were  employed,  it  follows  that  all  the  upper  and  middle  parts 
of  tiie  apparatus  must  be  cooler  in  furnaces  where  the  hot  blast  is 
used,  than  in  those  in  which  cold  air  is  injected.  The  fuel,  also, 
from  being  more  readily  consumed  when  brought  in  contact  with 
hig^ily  b^ted  air,  requires  less  time  to  unite  with  the  oxygen  of 
the  blast,  and  the  extent  of  the  zone  of  maximum  temperature 
will  be  therefore  proportionally  diminished.  These  causes  are  the 
means  of  producing  a  great  difference  in  the  nature  of  the  chemical 
actions  produced  in  the  various  parts  of  the  furnace,  and  from  this 
circumstance  the  products  obtained  by  the  hot  blast  are  found  to 
differ  considerably  from  those  yielded  by  the  old  process.  When 
the  hot  blast  is  employed,  the  fuel  used  is  generally  uncoked  coal. 

In  the  year  1845,  Bunsen  and  Flayfair  made  an  elaborate  inves- 
tigation relative  to  the  different  chemical  changes  affecting  the 
production  of  cast  iron  in  a  furnace  worked  by  hot  blast,  near 
Alfreton,  in  Derbyshire,  and  to  them  we  are  indebted  for  much 
additional  information  on  this  important  subject.  This  furnace, 
which  is  40  feet  in  height,  and  11  feet  in  width  at  its  widest  part, 
is  Uown  with  air  heated  to  626°  Eah.  (330"  C.)  The  blast  is 
forced  into  the  furnace  under  a  pressure  of  6*75  inches  of  mercury, 
the  diameter  of  the  nozzles  being  2i  inches.  The  ore  treated  in 
this  furnace  is  clay  carbonate  of  iron,  and  is  roasted  previous  to 
its  introduction  into  the  apparatus.  The  furnace  is  supplied  with 
eighty  charges,  each  consisting  of  420  lbs.  of  calcined  ore,  390 
lbs.  ik  ooal,  and  170  lbs.  of  limestone,  in  the  course  of  twenty-four 
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houn.  The  dailj  produoe  of  oirt  iron  is  about  6  ioiui.  'Rb 
limestone  is  broken  into  pieces  about  the  size  of  the  fist  b^ore 
being  thrown  into  the  furnace.  The  coal  and  iron  are  diuuged 
in  kurge  lumps. 

In  ordar  to  collect  the  erolred  gases,  these  chemistB  employed 
an  iron  tube  of  the  kind  described  when  speaking  of  the  tamioea 
of  Vickerhagen  and  Baeram;  but  on  attempting  to  obtun  by  this 
means  the  gases  from  i^e  zone  in  which  the  fun^A  of  the  ose  was 
effected,  the  pipe  was  either  much  softened,  or  entirely  melted, 
and  it  was  consequently  found  impossible  to  obtain  ooireot  zeaultB 
below  a  certain  depth  firom  the  throat  of  the  apparatoB.  To 
remedy  this  diffionlfy,  a  small  hole  was  bored  through  the  solid 
masoniy,  fixim  the  firont  of  the  fvunaoe  to  its  int^nal  caTity. 
This  ap^ture  was  so  pierced  as  to  leach  the  hearth  just  beeneath 
the  boshes,  at  a  distance  of  six  fiset  firom  the  bottom  oi  the  cni« 
cibk,  and  two  feet  nine  inches  above  the  tuyeres.  The  gas  drawn 
off  from  this  opening  was  found  to  possess  a  strong  smell  of 
cyanogen,  and  on  bemg  ignited  yielded  the  chaiactenstic  pmple 
msm  pecoliar  to  that  Iwdy.  On  being  subjected  to  analyms^  tiie 
cyanogen  present  was  found  to  amount  to  l'S4  per  oent.  13ie 
other  results,  as  obtained  at  the  varioos  d^ths  below  the  top  of 
the  fiimaoe,  are  here  given  in  a  tabular  form,  and  will  explain  tiiie 
various  changes  produced  by  the  current  of  air  during  its  ] 
from  the  tuyeres  to  the  mouth  of  the  furnace. 


Depth  under  the 
Top. 

I. 

II. 

III. 

IV. 

V. 

VI. 

VIL 

VIIL 

8  Feet 

11. 

14. 

17, 

20. 

28. 

24. 

84. 

54-77 

62-67 

60-96 

66-49 

80-46 

68-28 

56-75 

as'Os 

CarboDic  Add 

9-42 

9-41 

9-10 

12-48 

10-83 

8-19 

10*08 

0^ 

CaibonicCbdde 

20-97 

29-24 

19-36 

19-77 

19-77 

29-97 

29-97 

a6-i9 

Lifi^tCarbnrat- 

ted  Hydrogen 

8*28 

4-67 

6-64 

4-31 

4-40 

1-84 

2-83 

0.00 

Olefiant  Gas  . 

6-49 

9-38 

12-42 

7-62 

4-88 

4-92 

6-65 

818 

0-85 

0-96 

1-67 

1-88 

0-00 

0-00 

0-00 

o-oo 

Cyaw^gen.    . 

0-00 

0-00 

0-00 

0-00 

0-00 

trace. 

tncei 

1-84 

An  examination  of  these  tabulated  results  shows  that  light  car- 
buretted  hydrogen  must  be  considered  as  an  essential  oonstitoent 
of  the  gaseous  products  of  the  iq)paratus,  even  at  a  depth  of 
24  feet  firom  the  surface,  and,  consequently,  that  the  coking  of  the 
combustible  is  not  thoroughly  effected  even  at  that  distance  fiom 
the  top.  It  also  further  shows  that  the  quantiiy  of  nitrogen  is 
least  considerable  in  the  gaseous  mixture  drawn  from  a  depth  of 
fourteen  feet,  whilst  at  tiie  same  distance  the  amount  of  by drpgen 
and  carburetted  hydrogen  is  at  its  maximum,  and  we  may  there- 
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foone  infer  this  to  be  the  zone  of  most  actiTe  distillation.  On  com- 
paring the  different  quantities  of  carbonic  oxide  and  carbonic  acid, 
there  appears  to  be,  contrary  to  what  was  observed  in  the  smaller 
charoou  fiomaoes,  a  complete  absence  of  any  mutual  dependence 
in  the  proportions  of  each.  In  order  to  understand  this,  it  is 
neoesaaiy  to  consider  attentively  the  very  different  conditions 
under  which  the  materials  were  exposed  to  the  action  of  heat. 
It  win  be  seen,  by  reference  to  the  table,  that  the  coal  with 
which  i^  furnace  was  supplied  is  not  entirely  deprived  of  its 
volatile  carbonaceous  products,  and  water  formed  by  its  distil- 
laiiion,  even  at  a  depth  of  24  feet  below  the  tunnel-hole.  If,  then, 
it  be  admitted,  which  is  probably  not  the  case,  that  the  tempera- 
ture in  this  part  of  the  arrangement  is  never  so  far  lowered  by 
tiie  gasification  of  the  coal  as  to  prevent  the  reduction  of  oxide 
of  iron,  and  the  consequent  conversion  of  carbonic  oxide  into  car- 
bonic add,  still  the  ore  will  not  only  be  exposed  to  the  deoxidising 
inflnenoes  of  the  gases  produced  in  the  furnace,  but  will  also  be 
sobjected  to  the  contrsoy  action  of  the  steam  evolved  from  any 
poitioDs  of  the  coal  which  may  have  escaped  coking  in  its  down- 
ward paaaage.  The  method  employed  at  Alfreton,  of  feeding  the 
finsace  wim  huge  unbroken  masses  of  coal,  has,  therefore,  the 
e^  of  simultaneously  subjecting  the  ore  to  reducing  and  oxidis- 
ing influences,  and  the  relative  amounts  of  carbonic  acid,  carbonic 
Qiide,  and  hydrogen,  will  consequently  be  more  or  less  influenced 
hj  load  circumstances.  Now,  ^  we  rarther  consider  the  relative 
UKKmtB  of  carbonic  add  and  carbonic  oxide  gases  escaping  from 
tike  tonnel-hole,  it  becomes  necessary  to  look  still  deeper  in  the 
fonace  for  the  causes  which  effect  the  reduction  of  the  ores.  If 
tins  reaction  were  accomplished,  and  the  carbonic  add  from  the 
liiDestone  totally  expelled  before  the  arrival  of  the  charge  at  the 
conmencement  of  the  boshes,  it  follows  that  the  whole  of  the 
gases  from  below  this  region  should  contain  their  oxygen  and 
nitrogen  in  the  same  proportion  as  they  exist  in  the  air  furnished 
bjr  the  blast,  and  could  not  have  absorbed  an  excess  of  oxygen. 
Onocmsolting,  however,  the  following  table,  drawn  up  by  Bunsen 
and  Flayiair,  to  show  the  relative  proportions  of  oxygen  and 
ptrogen  collected  from  the  Alfreton  furnace,  at  various  depths, 
it  wiu  be  seen  that  this  is  not  the  case. 


fomtbe 
Toj. 

L 

5FM 

IL 
8. 

III. 
11. 

IV. 

14. 

V, 

17. 

VL 
20. 

VII. 
28. 

VUL 
24. 

IX. 
84. 

79-2 
24-9 

79-2 
23-6 

79-2 
24-6 

79-2 
19*5 

79-2 
26-7 

79-2 
28-7 

79-2 
28-2 

79-2 
27-7 

79-2 
27S 
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This  series  of  numbers  indicates  that  the  relative  proportions 
of  oxygen  and  nitrogen  contained  in  the  various  regions  of  the 
fnmaoe  were  very  different  from  those  observed  in  the  Gennsn 
experiments ;  but  it  must  be  remembered  that  it  will  be  exta;«ndy 
difficult  to  obtain  a  fiiir  average  of  the  gases  existing  in  that  part 
of  the  apparatus  in  which  the  dry  disi^tion  of  the  coal  is  most 
rapidly  conducted.  This  source  of  error,  however,  disappears  in 
the  lower  parts  of  the  furnace,  where  the  olefiant  gas  and  higher 
hydrocarbons  are  no  longer  present,  and  the  constant  results  ob- 
tamed  at  the  depth  of  24  feet  proves  that  below  this  point  there 
is  a  continual  evolution  of  carbonic  acid,  either  expelled  from  the 
limestone  used  as  a  flux,  or  caused  by  the  reduction  of  oxide  of 
iron,  or  perhaps  from  these  two  sources  united.  Beasoning,  how- 
ever, from  the  average  composition  of  the  gases  evolved  firom  the 
materials  employed  m  the  furnace,  it  is  most  probable  that  the 
excess  of  carbonic  acid  is  due  to  the  former  cause,  and  that  the 
process  of  reduction  takes  place  at  the  boshes  only. 

The  great  difference  between  the  results  ob1»ined  fr^m  the 
furnace  at  Alfreton,  and  those  observed  in  the  continental  furnaces, 
will  appear  less  surprising  when  we  consider  the  temperature  of 
the  blast  in  each  case,  and  the  different  nature  of  the  fuel  em- 
ployed. In  this  countiy  the  low  temperature  of  the  upper  portions 
of  the  hot-blast  furnace  arises  from  the  great  quantity  of  heat 
absorbed  by  the  gases  which  are  expelled  during  the  coking  of 
the  fuel  in  the  upper  pai*ts  of  the  furnace,  and,  consequently,  the 
point  of  reduction  will  in  some  measure  depend  on  the  size  of  the 
pieces  of  coal  with  which  the  apparatus  is  supplied.  If  these  he 
large,  they  will  evidently  require  to  pass  through  a  greater  length 
of  the  heated  cone  thui  when  broken  into  smaller  masses,  and, 
consequently,  all  other  things  being  equal,  the  point  of  reduction 
will  he  lowest  in  the  furnace  in  which  the  largest  lumps  are 
charged,  and  highest  in  that  in  which  the  friel  is  most  uniformlj 
divided. 

The  most  important  feature  of  this  investigation  is  the  discoTer? 
of  the  presence  of  large  quanlities  of  cyanide  of  potassium  in  the 
lower  region  of  the  furnace.  On  introducing  an  iron  pipe  into  tiie 
hole  alluded  to  as  being  pierced  in  the  front  of  the  masonry  above 
the  tuyeres,  large  quantities  of  this  substance  were  readily  col- 
lected. To  do  this,  the  iron  tubing,  in  order  to  prevent  its  being 
fused,  was  inserted  to  within  a  certain  distance  only  of  the  internal 
cavity  of  the  furnace,  and  to  its  outer  end  was  attached  a  series  of 
receivers  in  which  the  various  products  were  cooled  and  collected. 
From  the  quantities  thus  obtained  from  a  given  volume  of  gas,  it 
was  calculated  that  at  least  224  lbs.  of  cyanide  of  potassium  were 
daily  generated  in  the  furnace.    When  the  iron  tube  used  in  this 
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experim^it  was  withdiawn  from  the  hole,  it  was  found  to  be  inter- 
nallj  incrofited  with  melted  cyanide  of  potassium,  which  became 
ddiquescent  on  exposure  to  the  air.  The  presence  of  these  large 
quantities  of  potassium  was  at  first  ascribed  to  the  limestone  used 
as  a  flux ;  but,  on  carefully  examining  it,  no  traces  of  any  of  the 
salts  of  potash  were  discovered. 

An  average  sample  of  the  calcined  ore  was  next  analysed,  and 
afforded  the  following  results : — 


Silica 

26-776 

Peroxide  of  Iron    .... 

60-242 

Alumina       ..... 

6-583 

Lime    .        .        .        .        . 

3-510 

Magnesia 

3-188 

Potash 

.      0-743 

Manganese 

traces 

100-041 

The  coal  was  also  found  to  be  another  source  of  potash,  and,  on 
MoljoBy  yielded  the  following  per-centage  amounts  : — 

Carbon 74-98 

Hydrogen 473 

Oxygen 1001 

Nitrogen  018 

Water 749 

SiHcates 2*61 

Potash 0-07 


100-07 


From  the  quantity  of  ironstone  consumed  by  the  furnace  every 
twenty-four  hours  being  33600  lbs.,  and  that  of  coal  31200  lbs.,  it 
fbOows  that  it  receives  during  that  period  27148  lbs.  of  potash, 
which,  if  transformed  into  cyanide  of  potassium,  would  yield 
877-3  lbs.  of  that  substance ;  but  it  would  appear,  from  the  exami- 
nation of  the  gas  drawn  from  the  upper  part  of  the  hearth,  that 
the  whole  of  the  potash  present  is  not  thus  converted.  From  the 
fikdlity  with  which  ammonia  is  converted  into  cyanide  of  ammo- 
nium when  passed  over  charcoal  at  a  red  heat,  it  might  be  supposed 
that  the  presence  of  cyanogen  in  the  blast  furnace  is  due  to  the 
deoomposition  of  ammonia  produced  by  the  distillation  of  the  coal. 
That  this  should  be  the  case,  will,  however,  appear  quite  impossible 
when  we  consider  the  temperature  of  the  p^  of  the  ^imaoe  in 
which  this  substance  is  generated  The  hearth,  at  which  point 
the  formation  of  cyanogen  takes  place,  is  the  deepest  and  hottest 
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part  of  the  fumaoe ;  and  it  would  be  therefore  ixnpoanUe  tiiai  the 
ooal^  on  arriving  in  that  region,  could  still  retain  any  traces  of 
ammonia,  aa,  bdbre  reaching  it,  it  must  hare  been  exposed  to  a 
red  heat  for  at  least  eight  hours,  during  a  portion  of  which  time 
it  is  subjected  to  a  t^perature  ci^Ue  of  reducing  potaBshmL 
The  same  chemists  have,  however,  shown  that  cyanide  otpotManm 
is  produced  on  passing  a  current  of  nitrogen  gas  oyer  a  mixture  of 
charcoal  and  carbonate  of  potash  strongly  heated  in  an  iron  tobe^ 
and  it  consequently  appears  certain  that  the  cyanogen  present  is 
furnished  solely  by  the  direct  union  of  the  liberated  nitrogen  witii 
a  portion  of  the  carbon  constituting  the  taei  Since,  also,  the 
potash  will  be  reduced  at  a  high  tmperature  in  the  presence  of 
carbon,  it  follows  that  the  formation  of  cyanide  of  potassinm 
in  the  region  immediately  above  the  tuyeres  is  due  to  the  direct 
union  of  carbon  with  potassium  and  the  nitrogen  of  the  air.  The 
presence  of  this  substance  in  the  hearth  of  the  furnace  cannot 
flEul  to  effect  extensive  chemical  changes,  and  influence  to  a  consi- 
derable extent  the  reducing  power  of  the  apparatus. 

It  has  been  shown  that  at  very  elevated  temperatures  this  salt 
is  volatile ;  and  if,  therefore,  it  reaches  the  part  of  the  fumaoe  in 
which  the  reduction  of  the  ore  is  effected,  its  high  reducing  pro- 
perties will  necessarily  come  into  play.  By  this  means  it  must 
become  decomposed  into  nitrogen,  carbonic  add,  and  carbonate  of 
potash,  of  which  the  two  former  will  pass  off  in  the  form  of  gas, 
whilst  the  latter,  not  being  volatile,  is  carried  down  by  the  ouier 
materials  in  the  furnace  xmtil  it  reaches  the  point  at  whidi  it  is 
again  transformed  into  cyanide  of  potassium.  In  this  way  we  can 
easily  understand  that  the  accumulation  of  cyanide  of  potassium 
may  ultimately  become  very  considerable,  and  capable  of  materiaDf 
influencing  the  action  of  the  apparatus.  When  i^e  proportion  of 
this  salt  luis  become  increased  beyond  a  certain  amount,  the  excess 
is  probably  decomposed,  by  the  action  of  the  blast,  into  nitrogen 
and  carbonic  acid,  which  escape  in  the  gaseous  form,  and  into 
carbonate  of  potash,  the  potash  of  which  unites  with  the  siliceous 
matters  present,  and  is  carried  off  by  the  slag. 

It  is  exceedingly  difficult  to  determine  the  exact  nature  of  the 
various  chemical  actions  conianually  taking  place  in  the  difllerent 
parts  of  an  apparatus  of  such  immense  size,  and  so  highly  heated, 
as  a  blast  furnace ;  but  it  is  certain  that  the  presence  of  huge 
quantities  of  a  material  of  a  character  so  highly  reducing  as 
evanide  of  potassium  cannot  &al  to  materiaSy  influence  the 
chemical  dumges  which  are  there  effected.  The  amount  of  this 
substance  is  probably  greater  in  hot-blast  furnaces  than  in  tiioee 
in  which  air  at  the  ordinary  temperature  is  employed ;  but  the 
quantity  generated  even  in  the  cold-blast  furnace  must  to  a  certain 
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degree  modify  the  reacidoiiB  before  described,  and  contribute  to 
the  reduction  of  the  ores. 

From  the  difficulties  attending  investigations  of  this  descrip- 
tion, comparatiyely  few  ezperiments  have  oeen  made  on  the  sub- 
ject, and  it  is  consequently  impossible  to  assisn  to  the  difEerent 
redudng  agents  present  in  the  apparatus,  theur  relatiye  amounts 
of  influence  in  the  changes  produced. 

The  apparatus  by  which  the  blast  is  heated  to  a  proper  tem- 
perature is  usually  a  kind  of  stove,  in  which  the  air  is  compelled 
to  pass  through  a  series  of  cast  iron  pipes  before  arriving  at  the 
modes,  through  which  it  enters  the  ronuice.  1%.  118  represents 
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i  sectional  elevation  of  a  common  form  of  this  arrangement,  and 
fig.  114  a  vertical  and  lateral  section  of  the  same  apparatus,  a  a, 
fig.  113,  is  the  brick-work  of  the  fdmace ;  b  a  section  of  one  of 
the  m>hon-shiq}ed  tubes  of  which  the  genenJ  arrangement  is  more 
daanj  seen  in  the  next  figure,  and  of  which  the  diameter  may 
▼aiy  from  six  to  eight  inches ;  c  c  are  horizontal  pipes  of  consider- 
Mj  laiser  diameter  than  those  above  described,  and  to  which  the 
8enes  of  syphon-shaped  tubes  are  connected  by  socket  joints ;  d 
represents  the  fiire-place  by  which  the  heat  is  supplied,  and  above 
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it  is  a  large  hot  air-chamber  surrounding  the  whole  of  the  arched 
pipes.  The  openings  situated  at  the  crown  of  the  arched  covering 
serve  the  purpose  of  flues  for  the  escape  of  the  gases  coming  firom 
the  fire-place,  and  which  pass  into  the '  chamber,  through  a 
number  of  apertures  placed  in  the  arches,  a  a,  fig.  114.  The 
draught  is  r^^ulated  by  a  damper  so  placed  as  to  increase  or 
diminish  the  areas  of  these  apertures,  and  which  is  readily  ac^nsted 
by  the  compound  lever,  b.  The  large  cylinder,  h,  is  the  pipe 
communicatmg  with  the  machine  by  which  the  bla^  is  suppHed, 
and  is  of  such  a  size  as  to  act  as  a  regulator,  and  destroy  the 
vibrations  occasioned  by  the  oscillation  of  the  pistons  by  which 
air  is  forced  into  the  furnace.  The  horizontal  conneciang  pipe,  c, 
through  which  the  cold  air  enters  the  stove,  is  provided  with  a 
stop  or  diaphragm  placed  in  the  middle,  and,  in  order  to  escape 
by  the  pipe  on  the  opposite  side,  the  air  will  be  compelled  to 
traverse  the  syphon  pipes,  b,  which,  being  strongly  heated, 
communicates  to  the  blast  the  necessary  increase  of  tempera- 
ture. In  most  instances  each  tuyere  of  a  fiimace  is  provided 
with  a  heating  apparatus  of  this  description ;  each  set  of  tubes 
is  enclosed  in  a  separate  mass  of  brick-work,  and  furnished  with 
a  distinct  erate  and  damper  for  the  regulation  of  the  tempera- 
ture. Although  in  all  cases  where  the  hot  blast  is  employed, 
the  air  is  heated  by  bein^  passed  through  a  series  of  tubes, 
of  which  the  temperature  is  raised  by  means  of  an  open  fire, 
yet  the  form  of  the  apparatus  and  arrangement  of  the  various 
ducts  are  subject  to  considerable  variation.  At  the  Butterly 
works,  in  Derbyshire,  the  section  of  the  arched  air-tubes,  in- 
stead of  being  a  circle,  has  the  foi:m  of  a  flattened  parallelo- 
gram, having  its  largest  dimensions  at  right  angles  with  the 
horizontal  tubes.  By  this  contrivance  the  air  is  made  to  pass 
over  a  lai^^er  heated  surface  than  can  be  readily  obtained  in 
the  former  case,  and  the  tubes  are  also  supposed  to  be  less 
liable  to  sink  from  their  own  weight  when  at  a  red  heat ;  but 
this  form  has  the  disadvantage  of  being  more  expensive  than 
that  in  which  round  tubes  are  alone  employed,  although  in 
some  respects  it  possesses  peculiar  advantages.  Many  of  these 
heating  stoves  are  made  without  any  diaphragm  in  the  hori- 
zontal tubes,  and  in  this  case  the  induction  and  eduction  pipes 
are  attached  to  opposite  sides  of  the  apparatus :  they  are  dso 
connected  with  the  opposite  ends  of  the  tubes,  c,  and,  conse- 
quently, the  air  first  enters  one  of  these  horizontal  pipes,  and 
then,  passing  through  the  arched  retorts,  b,  escapes  to  the 
nozzle  with  which  it  is  in  communication  by  means  of  a  main 
attached  to  the  end  of  the  pipe  placed  on  the  other  side  of 
the  fire-place.    The  cost  of  erecting  the  three  heating  stoves, 
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<tae  iar  each  tuyere  of  the  furnace  is  very  considerable,  but 
they  aiB  also  liable  to  get  out  of  order,  and  each  apparatus,  on 
an  average,  annually  requires  repairs  to  the  extent  of  one-fifbh  of 
its  original  cost. 

The  various  arrangements  of  an  ordinary  blast  furnace,  in- 
dnding  the  ovens  by  which  the  heating  of  the  blast  is  effected, 
and  the  waggons  used  for  the  removal  of  the  slags,  are  well 
represented  in  the  frontispiece  of  this  volume,  which  also  exhibits 
the  method  of  forming  the  sand  moulds  for  ike  reception  of  the 
liquid  metal. 

To  heat  the  blast  of  a  furnace  producing  60  tons  of  cast  iron 
per  week  to  the  required  temperature  (600^  Fah.),  the  stoves 
will  need  a  weekly  consumption  of  from  80  to  35  tons  of  coals, 
or  about  one-half  the  weight  of  the  metal  produced,   o  ^^ 

HEATIKG  BLAST  BY  WASTB  HEAT  FBOM  TUinTEL-HEAI). 

Since  the  application  of  the  hot  blast  to  iron  furnaces,  various 
attempts  have  been  made  to  employ  the  waste  heat  escaping 
fr^xn  the  throat  of  the  apparatus  for  the  purpose  of  heating 
the  air  with  which  it  is  suppUed.  The  importance  of  such  an 
adaptation  wiU  be  readily  understood  when  we  cbnsider  that 
in  Scotland,  where  uncoked  coal  is  chiefly  employed,  some  of 
the  largest  furnaces  yield  from  150  to  200  tons  of  iron  per 
week,  and  consume  weekly  from  800  to  400  tons  of  coals  for 
its  production.  These  furnaces  receive  as  blast  from  4,000  to 
5,000  cubic  feet  of  air  per  minute,  and  consequently  vomit  forth 
immense  volumes  of  smoke  and  flame  which  pass  uselessly  into 
the  atmosphere. 

One  of  the  methods  formerly  employed  for  the  purpose  of 
attaining  this  object  consisted  in  ranging  a  series  of  iron  pipes 
around  the  tunnel-head,  in  which  the  blast  was  heated  by  the 
flame  passing  out  of  the  mouth  of  the  furnace.  In  other  in- 
stances the  pipes  were  either  coiled  around  the  interior  of  the 
npper  part  of  the  cone,  so  as  to  be  heated  by  direct  contact 
with  the  ignited  material  which  it  contained,  or  were  so  en- 
dosed  in  bnck-work  as  to  become  heated  by  transmission.  All 
these  contrivances  have,  however,  been  successively  abandoned, 
as,  from  the  difficulty  attending  their  repairs  whenever  they  had 
got  out  of  order,  their  use  was  found  disadvantageous  to  the 
results  obtained. 

The  ^(reat  objection  to  all  these  plans  for  employing  the  waste 
heat  arises  from  the  circumstance  that,  in  case  of  the  heating 
apparatos  becoming  deranged,  it  becomes  necessary  to  entirely 
suspend  the  operations  of  the  furnace  during  the  time  it  is  under- 
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going  repair ;  and,  according  to  several  of  these  plans,  it  would 
be  impossible  to  repair  a  leskj  joint  withoat  first  blowing  oat 
the  furnace  with  which  the  apparatus  is  connected.  The  bert 
method  by  which,  in  this  coonti^,  advantage  is  taken  of  the  best 
escaping  fix)m  the  tmmel-hole,  is  that  invented  bj  Mr.  Jsma 
Palmer  Budd,  and  employed  hj  him  with  great  sncceas  at  the 
Ystsljfera  Iron  Works  in  South  Wales.  Instead  of  making  tiie 
heating  apparatus  an  integral  part  of  the  fbmace,  the  ovens  sre 
in  this  case  so  arranged  as  to  allow  of  tiieir  being  readily  le- 
paired  without  in  the  least  interfering  with  the  action  of  the 
lumaoes  with  which  they  are  oonneoted.  The  stoves  are  buitt 
into  the  masonry  a  little  below  the  level  of  the  throats  of  ^ 
furnaces  which  they  are  intended  to  supply  with  hot  air, 
and  a  chimney,  25  feet  higher  than  tiie  top  of  the  platform, 
affords  the  means  of  drawing  into  them  as  much  of  the  heated 
air  and  flame  as  may  be  required.  These  are  carried  hom  tiie 
furnace,  a,  fig.  115,  by  a  series  of  flues,  6,  placed  about  three  feet 
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below  the  top,  and  communicating  with  the  hot  air  chamber,  c, 
in  which  are  placed  the  arched  pipes,  d,  heated  by  the  gases  issu- 
ing fi!om  the  furnace.  The  chimney,  e,  and  its  damper,/^  as  before 
stated,  regulate  the  heat  of  the  stove.  The  cross  pipes,  g,  con- 
nect together  the  upright  air-tubes,  d,  and  the  side  pipes,  A,  con- 
vey the  blast  arriving  by  the  upcast  mains,  t,  to  the  various  crotf 
pipes.  The  heated  air  is  afterwards  conveyed  to  the  tuyeres  by 
the  downcast  pipes,^'  /.  A  door,  k,  is  also  placed  in  the  brick- 
work of  the  building,  I  n,  for  the  purpose  of  cooling  the  apparstos 
before  entering  it  to  make  repairs.  Fig.  116  represents  a  longi- 
tudinal section  of  the  same  apparatus. 

With  this  arrangement  it  becomes  easy  to  regulate  the  tem- 
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rpentme  to  which  the  blast  is  eleyated.  The  gaaea  escaping 
fiom  the  fiirnace  have  usually  a  temperature  of  about  1800^  Fah.^ 
(  and  it  is  therefore  necessary  to  draw,  by  the  aid  of  the  chimney, 
rach  a  quantity  only  through  the  chamber  as  may  be  required  to 
heat  the  air  circulating  in  the  tubes  to  600°.  To  do  this  the 
gases  should  pass  out  of  the  stoye  at  about  800°,  and  one-sbcth 
part  of  the  gaseous  products  issuing  from  the  tunnel-head  is  found 
aiiflScient  to  produce  the  required  effect.  Should  the  temperature 
at  any  time  &11  too  bw,  ^  may  be  instantly  raised  by  slightly 
elevmting  the  damper,/. 

Aj^  Ystalyfera,  another  portion  of  the  escaping  gases  is  con- 

dneted  thicnigh  proper  flues  for  the  purpose  of  heating  the  boilers 

winch  eapptj  the  engine  of  the  blowing  machine;  and  even 

!      aft^  doing  tiiis  a  considerable  amount  stUl  goes  off  into  the  air 

[      without  being  applied  to  any  useM  purpose.    The  economy  of 

fad  caused  by  the  arrangement  just  described  amounts  to  about 

one-third;  so  that  two  tons  of  combustible  produce  the  same 

quantity  of  cast  iron  as  formerly  required  the  expenditure  of  three 

I      tons  for  its  preparation.  The  actual  quantity  of  fuel  weekly  con- 

I       sumed  in  the  furnace  to  which  this  modification  is  applied  is 

about  100  tons :  the  weight  of  metal  obtained  during  the  same 

'     from  50  to  60  tons. 


HKAT  OBTAUTED  BY  THE  OOMBTJSTIOK  OF  THE  INTLAMHABLE 
GASES  ISSinif  O  FBOM  THE  TUl!nirEIf-HEAD. 

It  has  been  proved  by  experiments  that  the  entire  column  of 
gas  issuing  from  an  iron  frtrnace  is  capable  of  being  inflamed  even 
after  it  is  cooled  to  the  ordinary  temperature  of  the  air.  From 
the  results  obtained  by  Bunsen  and  Play&ir,  during  their  experi- 
ments on  the  Alfreton  frimaoe,  they  came  to  the  conclusion  that 
81*54  per  cent,  of  the  heat  generated  is  continually  carried  off  by 
tiie  unconsumed  gases  which  escape  from  the  chimney.  From 
this  it  appears  that  a  more  than  ordinary  proportion  of  combus- 
tible nudtor  was  in  this  instance  carried  off  in  the  gaseous  state ; 
bat  all  chemists  agree  that,  on  an  average,  the  quantity  of  heat 
thus  lost  is  nearly  double  the  amount  actually  developed  in  the 
cavity  of  the  furnace  itself.  Several  patents  have  at  different 
times  been  taken  out  for  methods  by  which  the  heat  thus  lost 
has  been  sought  to  be  recovered  and  usefrdly  apphed,  but  the 
diflBeulties  attending  their  employment,  added  to  the  great  cheap- 
neaa  of  fuel,  has  prevented  their  coming  into  use  in  this  country, 
althoogh  several  contrivances  are  still  in  operation  in  different 
ports  of  the  continent,  where  the  combustibles  employed  in  the 
maTiufantnre  are  less  abundant,  and  consequently  more  expensive 

s 
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than  in  Great  Britain.  The  nsoal  method  employed  for  collect- 
ing these  gaees  is  by  partially  closing  the  mouth  of  the  funiaoe 
so  as  to  cause  a  slight  impediment  to  the  escape  of  its  gaseous 
products,  and  then  drawing  them  off  by  means  of  proper  tubes 
to  the  situation  where  it  is  intended  they  should  be  con- 
simied. 

In  order  to  do  this  a  cylinder  of  cast  iron  of  a  smaller  diameter 
than  the  throat  of  the  furnace,  and  having  a  depth  equal  to  its 
width,  is  frequently  used.  This  is  suspended  by  a  strong  flange 
within  the  tunnel-head,  and  as  the  mouth  of  the  furnace  is  con- 
stantly kept  charged  with  mineral  and  fiiel,  whilst  a  dear  space 
remains  between  the  iron  collar  and  the  lining  of  the  furnace, 
it  is  evident  that  this  space  must  be  filled  with  the  gases  issuing 
firom  the  apparatus,  and  which  may  be  readily  conducted  by 
means  of  flues  or  iron  pipes  to  any  situation  where  they  may  be 
required  for  combustion.  In  fiimaces  built  eq)ecially  witii  a  view 
to  economising  the  heat  to  be  obtained  by  the  combustion  of  the 
unconsumed  gases,  the  internal  iron  lining  is  often  replaced  by  an 
annular  flue  made  in  the  brick-work  a  few  feet  below  the  throat. 
This  is  connected  by  several  arched  openings  with  the  interior  of 
the  cone,  and  as  the  charges  thrown  into  the  furnace  above  this 
point  naturally  offer  a  oeitain  resistance  to  the  exit  of  the  escap- 
mg  gases,  they  find  their  way  into  the  annular  flue  before  de> 
scribed,  fix>m  whence  they  are  readily  drawn  off  in  any  diredaon 
in  which  they  are  required,  and  may  be  even  conducted  to  the 
distance  of  several  hundred  feet. 

From  the  quantity  of  nitrogen  contained  in  these  gases,  it  is 
found  necessary  for  their  combustion  that  they  should  be  supplied 
with  an  artifi<nal  current  of  atmospheric  air,  and  also  that  this 
should  be  brought  in  contact  with  tne  vapours  to  be  consumed  at 
a  veiy  elevated  temperature. 

In  order  to  cool  and  purify  the  gases  drawn  from  the  cavity  of 
the  furnace,  they  are  often  passed  through  water;  and  air-pmq>s 
are  frequently  employed  to  force  them  towards  the  point  wha!e 
they  are  afterwards  to  be  used  as  fuel.  This  gas,  when  once 
ignited,  bums  with  the  development  of  an  intense  heat,  so  much 
so  as  to  rapidly  destroy  the  linings  of  the  Aimace  in  which  it  is 
employed,  unless  special  means  be  adopted  to  prevent  the  pro- 
duction of  a  too  elevated  local  temperature.  The  heat  tima 
obtained  has  been  applied  to  the  generation  of  steam  for  working 
the  blowing  apparatus,  to  the  roasting  of  the  ores,  and  also  to 
refining  and  puddling  furnaces;  and  although,  fix>m  idie  cheiq)ne6S 
of  fuel  in  this  country,  the  application  of  the  combustible  gases  has 
almost  ceased  to  be  a  matter  of  speculation,  it  is  still  prolrable  that 
if  a  careful  examination  were  undertaken  of  the  various  difiicultiea 
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sttending  its  employment,  these  might  yet  he  overcome,  and  the 
hegt  results  ohtamed. 

For  the  particulare  of  the  various  plans  which  are  adopted  on 
the  continent  to  effect  this  pmpose,  I  would  refer  the  reader  to 
tike'^Annales  des  Mines,"  which  contains  notices  of  all  the  differ- 
ent forms  of  apparatus  employed. 
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The  metal  obtained  from  the  blast  furnace  is  sometimes  directly 
conducted  to  the  moulds,  where  it  is  to  receive  the  form  under 
which  it  is  to  be  employed :  but  for  the  better  kind  of  castings, 
tnd  particularly  when  their  weight  is  not  very  considerable,  the 
metad  is  first  run  into  pigs,  and  afterwards  remelted  in  a  furnace 
caDed  a  cupola,  from  which  the  fiised  iron  is  subsequently  drawn 
off  into  moulds  prepared  for  its  reception. 

The  best  irons  for  the  purposes  of  casting  are  those  belonging 
to  the  first  and  second  classes,  as  the  white  varieties  are  so 
extremely  brittle  as  to  render  them  imfit  for  the  purposes  of  the 
finrnder.  The  iron  best  adapted  for  casting  directly  from  the 
cmcihle  of  the  furnace  in  which  it  is  produced,  is  that  known  by 
the  name  of  grey  iron.  This  variety  is  fine  in  the  grain,  and 
contains  but  a  small  proportion  of  graphitous  matter,  which  would, 
if  present,  tend  to  render  the  metal  porous,  and  materially  de- 
tract from  its  strength.  The  iron  produced  by  furnaces  heated 
hy  wood  charcoal  is,  when  the  mineral  treated  is  tolerably  pure, 
hxvttubly  well  calculated  for  casting;  but  where  coke  is  employed, 
^foaoB  precautions  are  necessary  to  be  observed  in  order  to  ob- 
^  satisfiictoxy  results.  In  this  case  both  the  ore  and  fuel  are 
hable  to  contain  substances  prejudicial  to  the  quality  of  the  metal, 
and  it  is  therefore  necessary  to  use  a  large  proportion  of  flux, 
and  to  employ  coke  prepared  from  coal  containing  but  little  iron 
Pjrites. 

The  mould  into  which  the  melted  iron  is  poured  should  not 
<aIj  in  every  respect  resemble  in  form  the  object  to  be  produced, 
^  also  possess  sufBicient  solidity  to  admit  of  the  liquid  metal 
^^^  poured  into  it  without  changing  its  dimensions ;  and  it 
■^ouid,  moreover,  be  sufficiently  porous  to  allow  of  the  escape  of 
the  air  contained  in  its  cavities,  as  well  as  of  the  combustible  gases 
S^Q^vted  by  the  action  of  the  frised  metal  on  the  carbonaceous 
Better  present. 

The  moulds  employed  by  the  iron  founder  are  made  of  three 
fiflbent  kinds  of  material ;  viz.,  1,  green  sand ;  2,  baked  sand ; 
*Dd  3,  loam;  but  other  substances  are  sometimes  used  for  this 
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purpose  when  tlie  above  are  not  considered  suitable  to  the  pai^ 
ticular  circuniistanees  of  the  eas^. 

nifHiMiMg  !■  Qma  8aAd.~Tlie  tiame  of  green  sand  is  giY&i  by 
founderi  to  a  miictiire  of  argillaceous  sand,  and  pulverised  coaL 
The  former  is  employed  in  the  state  in  which  it  is  raised  from 
the  gravel-pit,  bat  shoulil  be  first  sifted  through  a  fine  wire  sieve, 
and  afterwartls  intimately  mixed  ivith  about  one-twelfth  of  its 
Yohmie  of  fmely-powdcred  coal,  and  then  slightly  moistened  with 
water,  in  order  to  enable  it  to  retain  the  exact  form  of  any  ohjeefe 
which  may  be  impressed  on  it.  When  this  mixture  has  been 
once  employed,  and  consequently  subjected  to  a  high  temperature, 
it  beconn^  unfit  for  the  formation  of  fresh  moulds,  and  can  cmly 
be  used  for  fillinjpf  up  those  parts  of  other  moulds  which  aire  below 
the  level  of  the  cavity  intended  for  the  reception  of  the  melted 
iron. 

To  mould  an  object  in  green  sand,  it  is  necessary  to  be  provided 
with  an  exact  model  of  the  article  to  be  cast.  This  may  be 
made  either  of  wood  or  metal,  but,  from  not  being  h&Ue  to  warp 
or  shrhik,  the  latter  is  generally  preferred.  Besides  the  model, 
or  paitem,  the  founder  employs  a  p(3culiarly  constructed  cast  iron 
box  J  fig.  117,  which  admits  of  being  readily  separated  into  two 

parts.  In  addition  to  its 
perpendicular  sides,  c,  this 
box,  or  flaaky  as  it  is  tech- 
I  nically  called,  is,  when  of 
large  dimensions,  frequent- 
ly provided  with  a  series 
of  cross  bars,  which  sup- 
port the  sand  and  add 
greatly  to  the  solidity  d 
the  mould.  The  two  parts, 
A  and  B,  of  the  flask  may 
117.  be  easily  separated  from 

each  other,  being  merely 
held  together  by  the  pine,  a,  and  the  conesponding  holes,  6, 
which  serve  uot  only  to  keep  the  tsvo  halves  always  in  the  same 
relative  position  with  regard  to  eiach  other,  but  also  afford  <^ 
means  of  firmly  jebiing,  by  the  aid  of  suitable  keys,  the  two  por- 
tions of  the  iron  box. 

In  order  to  obtain  the  form  of  any  given  model,  the  naoulder 
plaees  the  part  B  of  the  ihsk  on  a  platform  on  the  level  of  the 
foundry  Hoor,  and  having  invertcil  it  so  that  the  cross  bars,  wh^ 
there  are  any,  may  be  uppermost,  he  fills  it  with  sand,  whidi 
he  forces,  by  the  aid  of  a  rammer,  through  the  spaces  left  betwe^ 
them.  When  this  h^  been  done,  the  hsdf  box  is  again  turned,  and 
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86  the  siuid  with  which  it  is  filled,  and  which  is  retained  in  its  place 
by  friction  against  the  sides  and  bars,  has  been  strongly  pressed 
against  a  smooth  surface,  it  will  necessarily  itself  take  the  same  form. 
The  workman  now  takes  the  pattern,  e,  from  which  the  casting  is 
to  be  nude,  and  after  having  scraped  a  cavity  roughly  resembling 
the  object  to  be  moulded  in  the  smooth  surface  of  the  sand,  the 
modd  is  as  nearly  as  possible  imbedded  to  one-half  its  thickness. 
The  whole  is  now  slightly  sprinkled  either  with  charcoal  dust  or 
fine  sand. 

This  is  done  by  shaking  a  bag  of  coarse  canvas  containing  one 
of  these  substances  in  a  finely  divided  state  over  the  top  of  the 
flask,  and  the  powder  which  is  thus  deposited  on  the  surfieu^  of 
the  model  and  sand  in  which  it  is  imbedded,  is  found  to  prevent 
the  adhesion  of  the  two  parts  of  the  mould  in  the  next  operation. 
The  part,  a,  of  the  box  is  afterwards  lifted  in  its  place,  and  is  main- 
tamed  in  its  position  by  the  pins,  a,  entering  into  the  holes,  b, 
of  the  part  b.  The  upper  frame  is  now  filled  with  sand,  which 
»  well  and  carefiiUy  rammed  down,  and  as  soon  as  this  is  ac- 
complished, the  box  is  turned,  so  that  the  fittme,  a,  is  placed 
under,  and  the  part,  B,  is  cautiously  lifted  in  a  vertical  direction, 
and  the  two  halves  are  again  separated.  The  lower  half,  a,  will 
now  contain  the  pattern  just  half  imbedded  in  the  sand,  which  is 
generally  found  to  fit  very  closely  around  the  sides.  As,  however, 
perfect  contact  in  all  its  parts  is  seldom  thus  obtained,  the 
moolder  consolidates  the  sand  in  the  immediate  neighbourhood 
of  the  mould  by  first  squeezing  water  on  it  from  a  wet  rag,  and 
afterwards  pressing  it  down  with  a  small  trowel.  When  this  has 
been  done,  the  support  of  sand  prepared  in  the  first  operation  is 
destroyed,  and  the  flask  and  its  contents  present  the  appearance 
tepresented  in  the  woodcut.  At  this  stage  of  the  operation,  the 
pwt,  B,  of  the  box  is  again  replaced,  and  after  the  surface  of  the 
■and  contained  in  the  lower  half,  a,  has  been  again  dusted  to  pre- 
vent adhesion,  the  upper  part  is  filled  with  sand  well  rammed  in 
as  before  described. 

In  order  to  make  the  model  separate  readily  from  the  sand  in 
which  it  is  imbedded,  it  is  necessary  to  give  it  a  few  gentle  taps 
with  some  hard  body,  since,  if  this  precaution  were  n^lected,  the 
moold,  on  the  removal  of  the  pattern,  would  present  a  ragged 
i^pearance  firom  having  adhered  in  some  places  to  the  model 
around  which  it  has  been  pressed.  To  effect  this,  two  or  more 
BtXQDg  wires  are  driven  into  the  model  before  filling  the  upper 
part  of  the  flask,  and  as  these  project  from  between  the  bars 
to  a  certain  distance  beyond  the  back  of  the  box,  the  pattern 
may  be  readily  loosened  from  the  surrounding  sand  by  tapping  the 
{projecting  ends  with  a  small  hanmier.  When  the  enclosed  model 


262  noK. 

is  made  of  metal,  these  wires  are  screwed  into  holes  prquKred  fat 
that  pmpoee,  instead  of  being  driven,  as  is  the  case  when  a  softer 
material  is  employed.  After  having  thus  guarded  against  the 
adhesion  of  the  mould  to  the  pattern,  the  wires  are  removed  either 
by  being  unscrewed,  or  by  bems^  drawn  perpendicularly  oat,  and 
the  moulder  raises  the  upper  half  of  the  flask;  taking  the  pre- 
caution to  keep  it  in  a  stncthr  vertical  position.  When  this  has 
been  done,  it  is  placed  on  the  floor  of  the  foundry  with  ^e  moulded 
surface  upwards,  and  afber  removing  with  the  same  precautions 
the  model  firom  the  part  a,  any  slight  imperfections  in  the  im- 
pression are  carefully  repaired  by  the  use  of  a  little  moistened 
sand,  which  is  applied  with  iron  trowels  of  various  shapes  and 
dimensions.  K  the  two  parts  of  the  flask  be  now  joined  by  means 
of  the  projecting  pins  and  their  corresponding  holes,  it  will  evi- 
dently contain  a  cavity  exactly  corresponding  in  form  to  the 
object  to  be  produced  in  metal ;  but  IdTore  me  casting  can  be 
actually  commenced,  it  is  necessary  to  prepare  proper  openings 
for  the  introduction  of  the  liquid  metal  and  the  escape  of  the 
endoeed  air  as  well  as  the  vapours  generated  during  the  operatioa. 
K  but  one  aperture  were  employed  to  effect  these  two  objeds, 
the  air  could  only  make  its  escape  through  the  same  opening  by 
which  the  molten  metal  is  introduced,  and  the  casting  wooM 
consequently  be  subject  to  imperfections  from  portions  of  the 
former  being  retained  in  the  mould.  The  vapours  would  also 
not  have  proper  facilities  for  escape,  and  violent  and  dangerous 
explosions  would  be  liable  to  ensue.  To  obviate  these  incon- 
veniences, at  least  two  orifices  are  made  in  every  mould,  into  one 
of  these  the  melted  metal  is  poured,  whilst  the  gases  and  vapours 
evolved  from  the  sand  find  vent  through  the  other.  In  order  to 
facilitate  the  escape  of  the  air,  the  sand  itself  is  rendered  poroos 
by  being  pierced  by  the  aid  of  a  wire  with  numerous  smsU 
holes,  eluding  to  within  about  an  inch  of  the  Bisi&ce  of  the 
mould. 

After  preparing  these  gates,  or  openings,  and  carefully  mak- 
ing good  with  his  trowel  any  imperfections  arising  from  tiie 
ac&esion  of  sand  to  the  pattern,  the  founder  finely  dusts  with 
sand  or  charcoal  by  the  method  abeady  described,  the  whole 
interior  of  the  cavity,  and  then  smooths  its  surface  with  a  polished 
trowel. 

The  two  parts  of  the  mould  are  now  joined,  and,  after  fastening 
the  flask  tc^^her  with  proper  keys  through  the  pins,  a,  ihe 
casting  may  at  once  be  proceeded  with.  When  the  pieces  to 
be  cast  are  vexy  heavy,  the  flasks  are,  in  the  majority  of  cases, 
moved  by  a  crane,  and  if  the  patterns  are  large,  they  are  withdrawn 
from  the  sands  by  the  joint  efforts  of  several  men,  who,  with  one 
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kind,  lift  the  modd  by  holding  iron  loops  temporarilj  screwed 
into  it,  whilst  with  the  other  they  t^  it  to  prevent  any  portions 
of  sand  from  becoming  attached.  When  the  form  of  a  casting  is 
oomplicatedy  it  is  sometimes  found  necessary  to  join  together  two 
or  more  flasks  in  order  to  obtain  the  required  mould ;  and  in  cases 
where  the  tiiickness  of  metal  is  small,  several  gates  are  employed, 
as  otherwise  the  metal  would  become  cooled  before  reaching  the 
nune  distant  parts  of  the  mould. 

MiwiiiHg  1m  VMd  wr  B«iwd  8wid*— The  mechanical  processes 
employed  in  the  preparation  of  moulds  in  baked  sand  are  precisely 
siimlar  to  those  used  in  the  operation  above  described.  When  a 
fteat  weight  of  metal  is  cast  into  moulds  made  of  this  material, 
it  is,  however,  necessary  to  take  precautions  to  prevent  their 
bemg  destroyed  by  the  pressure  to  which  they  are  subjected,  as 
this  substance  being  less  binding  in  its  nature  than  green  sand,  is 
not  80  well  adapted  for  resisting  the  pressure  occasioned  by  the 
i&trodoction  of  the  fused  metaL  To  guard  against  this  difficulty, 
wkenever  used  sand  is  employed,  the  bottoms  of  the  flasks  are 
geDerally  closed  by  iron  plates  finnly  attached  to  the  cross  bars 
07  means  of  clamps.  These  plates  admit  of  being  readily  removed 
at  tile  dose  of  the  operation,  and  are  perforated  with  numerous 
smaQ  holes  for  the  escape  of  the  gases  evolved. 

Baked  sand  is,  in  the  majority  of  cases,  used  without  any  ad- 
nixtare  of  coal  dust ;  and,  afber  the  completion  of  the  moiud,  it 
is  st  once  removed  to  a  kind  of  oven,  or  drying-kiln,  where  it 
remains  until  the  moisture  is  entirely  removed,  when  the  metal 
is  nm  in  whilst  the  sand  is  still  hot.  Castings  made  in  this  way 
tte  less  liable  to  imperfections  and  air-holes  than  those  prepared 
in  ordinary  green  sand,  as,  from  the  porous  nature  of  the  material, 
tiie  gases  have  greater  facility  for  escaping ;  and  as  the  mould  is 
kib-dried  before  the  introduction  of  the  metal,  there  is  less 
diance  of  its  becoming  chilled  than  by  the  method  above  de- 
Kribed.  In  all  these  manipulations  the  success  of  the  several 
operations  must,  however,  in  a  great  measure  depend  on  the  skill 
ttd  discrimination  of  the  moulder,  who  should  not  only  produce 
in  the  sand  the  exact  counterpart  of  the  object  to  be  made,  but, 
b^  a  jndidous  mixture  of  his  materials,  so  adjust  his  moulds  that 
ibey  may  possess  a  considerable  degree  of  tenacity,  and  also,  at 
the  same  time,  be  suffidently  porous  to  admit  of  the  escape  of 
tbe  gases  which  are  generated  on  the  introduction  of  the  hquid 
metal. 

When  the  object  to  be  cast  is  hollow,  the  outer  sur^Euses  are 
obtained  in  sand  as  above  described,  and  the  interior  cavity  pro- 
duced by  suspending  in  the  proper  podtion,  by  wires  or  other 
contrivances,  an  exaict  model  of  the  vacancy  which  is  required  to 
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lie  produced.  Thia  model,  or  core,  is  generallj  made  either  of 
clay  or  loam,  and,  when  of  krge  dimenfidonB,  is  supported  hy  an 
iron  centre,  and  rendered  tnore  tenacious  hy  the  addition  of  chopped 
hay,  or  some  other  cheap  ftlamentaiy  material. 

mo^ldias  in  ijcum.  Mouldfl  of  this  kind  are  made  directly 
from  drawings  of  the  object'^  to  he  produced,  as,  firom  the  nature 
of  the  material  emj Joyed,  the  use  of  patterns  hecomes  nnneces- 
saiy. 

*  The  mould  is  formed  from  a  mixture  of  clay,  water,  sand,  and 
cow-hair,  whi<']i,  after  having-  been  reduced  to  the  state  of  a  hard 
paste,  and  thoroughly  kneaded  in  a  loam-mill  or  pug-tuh,  is,  by 
the  me  of  proper  instruments,  made  to  assume  the  form  required. 
Tiie  proportions  of  the  various  ingredients  are  changed  so  as  to 
suit  the  different  pnq>f>seg  to  H^hich  the  loam  is  to  he  applied,  and 
when  a  "v^Ty  light  kind  is?  reqiured  a  little  chopped  straw,  or  horse- 
dun  g,  i  s  nsnsd  ly  added ,  Tliia  method  of  casting  is  chiefly  employed 
for  tlie  nianuiaeture  of  hollow  vessels,  such  as  boilers,  sugar- 
pans,  and  lead  pots,  in  which  the  thickness  of  the  metal  is  veiy 
inconsiderable  when  com]>ared  with  the  other  dimensions  of  the 
casting*  The  pn^paration  of  loam  moulds  is,  in  many  instances, 
a  complicated  ofaeration,  a^*  the  workman  has  frequently  to 
model  a  considerable  portion  of  his  work  without  any  sort  of 
gnide,  except  his  own  eorreetness  of  eye,  by  which  to  regulate 
his  tools. 

When,  however,  the  object-  to  be  made  is  so  formed  as  to  admit 
of  hciii^  produced  by  the  revolution  of  a  moveahle  arm  or  scraper, 
as  shown  in  fi^*  118  and  119^  the  work  becomes  much  simpMed, 


as  the  mould  may  be  in  this  way  readily  traced  by  the  surfaces  of 
revolution  obtained  from  two  different  arms. 

In  order  to  produce  a  vessel  of  the  form  shown  in  ^g.  120,  which 
represents  an  ordinaiy  lead  melting-pot,  a  flat  cast  iron  ring,  a  a, 
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fig.  118,  is  first  laid  in  a  truly  horizontal  position  on  the  floor  of 
ibe  casting  house.  On  this  the  workman 
hoilds  a  hollow  hrick  dome,  b,  approaching 
in  some  measure  to  the  form  of  the  internal 
sor&oe  of  the  ohject  to  he  moulded,  and  on 
it  a  thick  coating  of  prepared  loam  is  sub- 
sequently spread  by  a  troweL  When  this 
has  been  done,  its  surface  is  again  covered  ^^^' 

to  the  thickness  of  about  an  inch  with  another  stratum  of  loam^ 
which,  firom  having  been  sifted  through  a  fine  sieve  before  mixing* 
is  finer  and  closer  in  its  texture  than  that  employed  to  cover 
the  brick-w(H:k  above  described.  The  board  c,  so  shaped  as  to 
exactly  represent  the  curve  of  the  internal  surface  of  the  pan,  is 
now  attadied  to  the  vertical  axis,  d,  which  is  retained  in  its  proper 
position  by  entering  a  hole  in  the  bar,  e,  whilst  it  rests  at  tf'  in  a 
cross  bar  of  iron  passing  through  the  diameter  of  the  metallic  ring 
which  forms  the  foundation  of  the  brick  dome.  This  arrangement, 
after  having  been  adjusted  so  that  the  rod  d  is  truly  vertical,  will, 
on  causing  the  arm  c  to  revolve  on  its  axis,  produce  a  surfisice  of 
revolution  exactly  corresponding  to  the  internal  surface  of  the 
vessel  to  be  obtamed. 

By  this  means  the  redundant  clay  applied  to  the  sur&ce  of  the 
dome  is  scraped  off,  and  an  exact  mould  of  the  interior  of  the  pan 
readily  formed.  At  this  stage  of  the  operation,  some  small  coal 
which  during  the  building  of  the  brick  dome,  6,  has  been  intro- 
doeed  into  the  cavity,  ^,  is  ignited  by  means  of  openings  left 
under  the  cast  iron  ring,  a  a,  which  serve  the  double  purpose  of 
cUnmies  for  the  escape  of  the  smoke,  and  also  of  air-holes  by 
which  the  fire  receives  its  draught.  The  combustion  of  the  coal 
must,  however,  be  conducted  very  slowly,  as  the  loam  would 
otherwise  be  liable  to  crack,  and  render  the  mould  useless.  The 
activity  of  the  combustion  is  regulated  by  opening  or  closing  the 
driQght-holes  left  under  the  iron  ring,  which,  being  formed  in 
and,  are  readily  so  adjusted  as  to  admit  no  more  than  the  re- 
quired amount  of  air.  As  the  surface  of  the  mould  begins  to  dry, 
it  IB  thickly  painted  over  with  charcoal-dust  and  day,  so  mixed 
^h  water  as  to  admit  of  beinc^  readily  applied  with  a  brush. 
This  is  done  to  prevent  the  adhesion  of  the  second  layer  of  loam 
which  ia  now  to  be  applied.  As  soon  as  the  surface  has  been 
raffidentlv  coated  with  the  mixture  above  named,  a  second  layer 
is  applied  over  the  whole  surface  of  the  mould,  the  thickness 
^King  regulated  by  that  of  the  casting  to  be  manufiictured.  The 
board,  c,  is  now  removed  fix)m  the  spindle,  d,  and  another,  &,  fig. 
119,  attached  to  it,  of  which  the  suriace  corresponds  to  tl^e  other 
nde  of  the  object  to  be  produced.    By  again  turning  the  spindle, 
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d,  with  this  second  form  attacked,  another  surface  of  revduiioii 
is  obtained ;  and,  as  the  excess  of  loam  will  be  at  the  same  time 
removed,  a  fig^ore  is  produced  exactly  corresponding  in  form  to 
the  outer  side  of  the  object  to  be  cast.  The  vertical  spindle,  d, 
is  now  removed,  and  the  hole  through  which  it  passed  into  tiie 
brick-work  being  left  open,  serves  as  a  chimn^  for  the  smoke  and 
gases  produced  by  the  combustion  of  the  ooaL 

As  soon  as  this  new  surface  begins  to  dry,  it  is,  like  the  fianner 
one,  thickly  painted  over  with  a  mixture  of  day  and  powdered 
charcoal,  in  order  to  prevent  its  adherence  to  the  third  coatang 
which  is  now  to  be  applied.  Anothar  cast  iron  ring,  simihj  to 
the  one  before  described,  but  without  any  cross  bar,  is  then  laid 
down  and  adjusted  to  the  former  by  the  aid  of  pin-points.  The 
surface  obtained  by  the  revolution  of  the  last  model  is  now  covered 
by  hand  with  a  stratum  of  about  two  inches  of  fine  loam,  wbidi, 
after  being  well  kneaded  together  and  smoothed  over,  is  again 
covered  wS;h  a  dome  of  solid  masonry,  which  rests  on  the  second 
iron  ring.  After  this  is  completed,  a  small  hole  is  made  throu^ 
its  centre  for  the  passage  of  the  escaping  gases,  and  the  fire  if 
kept  up  until  the  whole  mass  has  become  completely  dry,  when 
chains  are  adapted  to  bolt-holes  perforated  in  the  second  annnlsr 
plate,  which,  together  with  the  dome  of  masonry  which  it  sop- 
ports,  is  carefully  lifted  off.  The  convex  surfiu^e,  which  is  now 
laid  bare,  and  corresponds  to  the  outside  of  the  casting  to  be 
formed,  has,  on  account  of  the  thin  coating  of  day  and  charooal, 
separated  readily  fix)m  the  dome  lifted  off  on  the  seoond  ling; 
and,  as  a  similar  stratum  of  the  same  substance  is  interposed  be- 
tween its  other  surface  and  that  representing^  the  inside  of  the  pot, 
it  follows  that  the  thin  coating  correspondmg  to  the  thickness  of 
the  metal  in  the  casting  may  readily  be  removed  without  injury 
to  the  two  surfaces  by  which  it  is  bounded.  This  thin  coating  of 
loam  is  then  carefully  broken  away,  and,  after  stopping  the  hole 
left  by  the  spindle,  d,  and  repairing  any  8%ht  imperfections  which 
may  occur,  the  dome  is  again  lifted  in  its  place,  and  the  liquid 
metal  poui^in  through  an  opening  left  in  the  brids-work  for  that 
purpose.  In  this  case,  as  well  as  when  sand  is  employed,  it  is 
found  necessary  to  leave  proper  apertures  for  the  escape  of  the 
endosed  air  and  gases. 

When  castings  with  particularly  hard  surfaces  are  required, 
metallic  moulds  are  sometimes  employed,  as  &om  the  rapidity 
with  which  these  lose  their  heat,  the  iron  poured  into  them  is 
found  exteriorly  to  acquire  a  peculiar  hardness. 

8ec*H4  Vui«m  mt  Cant  Imh* — ^The  iron  employed  for  casting 
by  second  fusion  should  contain  a  considerable  amount  of  cartxHi, 
as,  from  the  circumstance  of  a  portion  of  this  substance  being 
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oxidified  during  each  operation,  the  metal  would  otherwise  become 
veiy  difficult  to  fuse,  and  be  liable  to  obetnict  the  furnace  in  which 
the  melting  is  effected. 

For  melting  cast  iron,  a  small  blast  iumace,  called  a  cupola,  is 
employed.  These  cupolas  yary  in  size  according  to  the  quantities 
of  metal  they  are  destined  to  melt  at  one  time,  but  the  same 
prindples  of  construction  are  in  all  cases  invariably  observed.  The 
furnace  consists  of  an  iron  casing,  internally  lined  with  brick  or 
argillaceous  sand,  and  is  supplied  with  air  by  one  or  more  tuyeres 
connected  with  a  rapidly  revolving  fan. 

In  the  older  cupolas,  the  exterior  casing  was  formed  of  cast 
iron  slabs  bound  closely  together  by  strong  wrought  iron  bands, 
and  in  this  case  the  furnace  presented  the  appearance  of  an  octa- 
gonal prism  placed  perpencucularly  on  a  strong  foundation  of 
brick-work.  In  the  newer  furnaces,  however,  the  form  is  usually 
cylindrical,  as  the  casing  is  now  made  of  thick  sheets  of  iron, 
finnlj  united  by  strong  rivets  similar  to  those  employed  in  the 
constaiction  of  steam-boilers.  A  convenient  ^unace  of  this  kind 
IB  represented  in  the  annexed  woodcuts,  of  which  fig.  121  shows  a 
back  ekvation,andfig.  122 
a  front  view«  The  mass 
of  brick-work,  a,  is  ele- 
vated about  two  feet  from 
the  floor  of  the  casting- 
shop,  and  on  the  top  of 
this  IB  firmly  bedded  a 
strong  cast  iron  plate,  B, 
which  serves  for  the 
foundation  of  the  furnace. 
The  cylinder,  c,  forming 
the  body  of  the  cupola,  is 
thickly  lined  on  the  in- 
side with  fire-clay,  and  is 
surmounted  by  a  conical 
hood,  D,  of  thinner  iron, 
which  is  connected  with 
an  external  chimney,  and 
carries  off  the  smoke 
evolved  from  the  appa- 
ratus when  in  action. 
The  hole,  e,  is  used  for 
drawing  off  the  fused 
metal  into  moulds  prepared  for  its  reception,  and  is  provided 
with  a  small  iron  gutter,  £',  for  the  purpose  of  guiding  the  stream 
of  molten  iron  in  a  proper  direction.     The  aperture  in  the 
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hood  is  employed  for  the  introduction  of  tiie  ooke  andpig  iioii 
with  which  the  cupola  is  at  regular  intervals  supplied.  The  three 
openings,  e,  which  are  respectiyelj  six  inches  in  diameter,  are 
for  the  reception  of  the  tuyeres  hy  which  the  blast  is  supplied. 

The  lining  of  the  furnace  is  often  conducted  as  follows: — ^After 
having  covered  the  bottom  to  the  thickness  of  six  or  eight  inches 
with  a  layer  of  argillaceous  sand,  which  b  slightly  sloped  towards 
the  orifice  of  discharge,  a  wooden  cylinder  of  the  whole  length  of 
the  cupola,  and  of  a  diameter  a  little  less  than  the  opening  of  tiie 
throat,  is  set  upright  in  the  axis  of  the  metallic  casing.  Fine 
sand,  containing  a  certain  proportion  of  argillaceous  matter,  is 
now  rammed  tightly  into  the  annular  cavity  which  exists  between 
the  wooden  cylinder  and  the  sides  of  the  furnace,  and,  when  this 
is  entirely  filled,  the  core  is  removed,  and  the  sandy  lining  cot 
away,  so  as  to  make  the  diameter  of  the  furnace  a  little  greater  at 
bottom  than  at  the  upper  part. 

When  the  fire  b  lighted,  wood  b  placed  in  the  bottom  of  the 
fiimace,  and  ignited  by  the  aperture,  E,  which  b  left  open  for 
that  purpose,  and,  when  the  coke  which  has  been  subsequently 
added  has  become  sufficiently  inflamed,  the  blast  b  gradually 
applied.  At  thb  period  the  flame  escapes  both  by  the  tunnel-hok 
and  also  by  the  opening,  E,  which,  bemg  lined  sBxr  each  day's 
work  with  a  fresh  coating  of  ar^llaceous  sand,  becomes  much 
consolidated  by  thb  means.  At  the  expi!ration  of  about  a  quarter 
of  an  hour,  the  orifice,  B,  is  closed  by  a  plug  of  moist  clay,  wbidi 
b  appHed  by  a  wooden  rod  provided  with  an  iron  disc  at  one  of 
its  extremities,  on  which  the  lump  of  soft  clay  b  stuck.  When 
the  fomace  b  required  to  contain  a  large  body  of  melted  met&l, 
the  day  stopping  would  not  be  of  itself  sufficiently  secure,  and  in 
thb  case  it  is  supported  by  a  plate  of  iron  firmly  flxed  against  the 
outside  of  the  aperture. 

When  the  furnace  b  first  lighted,  the  apertures,  g,  are  all 
kept  open;  the  blast  b  first  admitted  through  that  which  b 
nearest  the  ground,  but,  as  the  melted  metal  accumulates  in  the 
bottom,  the  lower  holes  are  successively  closed,  and  the  blast  b, 
at  the  close  of  the  operation,  only  admitted  through  that  placed 
highest  in  the  series.  Besides  the  openings  shown  in  the  back  of 
the  fiimace,  the  same  cupola  has  frequently  two  corresponding 
sets  in  the  opposite  ndes,  so  that  throe  dbtinct  jets  of  air  are 
often  in  the  larger  f\imaces  employed  at  the  same  time.  In 
the  cupola  which  has  been  ^osen  as  an  illustration,  and  which  b 
capable  of  fusing  about  four  tons  of  metal  at  one  time,  the  total 
height  of  the  body,  c,  b  0  feet,  and  its  external  diameter  5  feet. 
The  coating  of  argillaceous  sand  will  in  thb  furnace  be  about  9 
inches  in  thickness,  which  consequently  leaves  3  feet  6  inches 
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as  its  intenial:  diametrer.  The  distance  of  the  first  tuyere  bole 
firom  the  base  of  the  cylinder  is  2  feet  6  inches,  whilst  the  others 
are  placed  at  a  distance  of  15  inches  apart.  The  great  height  of 
the  first  orifice  b  partly  for  the  purpose  of  allowing  for  the  lining 
of  the  bottom,  and  partially  in  order  to  admit  of  a  considerable 
accnmulation  of  fused  metal  taking  place  previous  to  raising  the 
noflczle  of  the  blast-pipe.  The  lining  of  a  ftunace  lasts  from 
five  to  six  weeks,  during  which  time  about  thirty  meltings  are 
made. 

When  the  argillaceous  coating  has  become  much  acted  on,  the 
fumaoe  ia  allowed  to  cool,  and  is  afberwards  re-lined  by  the  method 
above  described.  The  diameter  of  the  nozzles  varies  firom  3  to 
5  inches,  and  the  vanes  of  the  fim.  which  supplies  the  air  make 
fitom  650  to  900  revolutions  per  minute.  When  the  apparatus 
is  first  lighted,  no  metal  is  thrown  into  it  until  a  considerable  accu- 
mulation of  ignited  coke  has  taken  place  in  the  bottom.  Coke 
and  pig  iron  are  then  ultimately  charged  in  the  proportion  of 
about  25  of  the  former  for  every  100  parts  of  the  latter.  The  iron 
must,  before  its  introduction  into  the  fiimace,  be  broken  into 
pieces  varying  from  14  lbs.  to  28  lbs.  in  weight,  and  the  first 
charge  genersJly  begins  to  melt  in  about  twenty  minutes  after  it 
has  been  thrown  in.  The  successive  charges  are'  subsequently 
made  at  intervals  of  from,  ten  to  fifteen  minutes,  but  this  is  more 
or  less  influenced  by  the  dimensions  of  the  apparatus  and  the 
quality  of  the  metal  which  is  bemg  fiised.  When  the  fusion  is 
complete,  the  day  plug  is  pierced  with  a  pointed  iron  bar.  The 
molten  metal  is  traasferred  from  the  cupola  to  the  moulds  by  two 
diffisient  methods.  For  lai^  and  heavy  castings,  the  moulds 
are  often  sunk  in  the  floor  of  "^he  workshop,  and  conmionly  placed 
near  the  cupola^  and  it  is  therefore  usual  to  conduct  the  liquid 
iron  directly  from  the  frimace  by  means  of  channels  formed  in 
land.  When,  on  the  contrary,  the  castings  are  small,  and  the 
laoalds  situated  at  a  considerable  distance  &om  the  melted  iron, 
it  ia  drawn  into  large  ladles  of  the  form  represented  by  fig.  123, 
which  are  lined  with  a  siliceous 

lute,  and  carried  by  the  founders         •'^^^^ ^^^  ^ 

to  the  place  where  they  have      ^^^^-^         ^^~^^ 
inepared  the  moulds  to  be  filled  ^^^' 

viui  metal.  During  the  intervals  which  occur  between  the  suc- 
cessive castings,  the  tap-hole  is  closed  by  a  plug  of  damp  clay. 
When  a  heavy  casting  is  to  be  made  at  a  considerable  distance 
from  the  melting  furnace,  lai^r  ladles  of  the  kind  above  described 
are  employed,  and  these  are  lifted  and  carried  to  the  place  of 
their  destination  by  means  of  cranes  or  other  machinery  adapted 
for  that  purpose. 
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Everj  casting  reqiiires  considerablj  more  melted  metal  than  is 
necessary  to  fill  the  mould.  This  excess  goes  to  fonn  the  gates, 
false  seams,  &c.  which  are  removed  after  the  cooling  of  the  iron, 
and  before  the  castings  are  sent  out  of  the  foundry.  Besides  ^tm 
there  is  always  an  actual  waste  of  about  6  per  cent,  of  the  whole 
metal  employed ;  so  that,  after  deducting  all  these  several  items, 
each  cwt.  of  coke  thrown  into  the  furnace  is  found  to  melt  aboul 
8  cwts.  of  ordinary  pig  iron. 

The  nozzles  of  the  tuyeres  are  made  so  as  to  admit  of  bdng 
easily  raised  or  lowered,  to  blow  into  the  various  holes  in  the 
sides  of  the  furnace,  and  for  this  purpose  they  are  connected 
with  the  air-pipe  either  by  leathern  hose,  or,  what  is  a  much 
better  arrangement,  by  telMcope  joints.  The  main  is  also  pro- 
vided with  a  sliding  damper  or  throttle-valve  which  is  placed  in 
some  convenient  position  in  the  neighboiurhood  of  the  tuyeres, 
and  by  this  the  founder  is  enabled  to  intercept  the  blast  at  any 
given  moment  without  stopping  the  ventilator  by  which  it  is  pro- 
duced. To  drive  a  revolvmg  fan  of  the  dimensions  proper  for 
furnishing  the  necessaiy  supply  of  air  for  such  a  furnace  as  that 
which  has  been  described,  a  power  about  equal  to  the  foiee  of 
three  horses  will  be  required. 

MANITl'AGTUBB  OP  WBOXTGHT  EBOK. 

In  order  to  transform  cast  iron  into  wrought,  it  is  neoeasaiy  to 
separate  firom  it  the  carbon  and  siHcium  with  which  it  is  combined. 
To  effect  this  object,  the  metal  is  exposed  for  a  considerable  period 
to  the  action  of  oxidising  influences,  by  which  the  carbon  is  con- 
verted into  carbonic  acid,  which  escapes  in  the  gaseous  form, 
whilst  the  resulting  silica  unites  with  oxide  of  iron,  giving  rise 
to  the  formation  of  vitreous  slags.  Cast  iron  also  frequently  ccm- 
tains  small  portions  of  sulphur  and  phosphorus,  which  require  to 
be  carefully  removed  during  the  process  of  refining,  as  their  pre- 
sence in  tibe  wrought  iron  produced  would  matenally  affect  its 
properties,  and,  if  occurring  in  large  quantities,  render  it  entirely 
useless.  The  separation  of  these  substances  fix)m  cast  iron  is, 
however,  attended  with  very  great  difficulty,  and  it  is  therefore 
advisable  to  avoid  as  far  as  possible  their  occurrence  in  the  rough 
metal.  When  the  presence  of  sulphur  is  due  to  the  nature  of 
the  mineral  treated,  it  is  readily  removed  by  a  careful  roasting 
previous  to  the  introduction  of  the  ore  into  the  fiunaoe.  But  if^ 
on  the  contrary,  the  sulphur  be  derived  from  the  fuel,  as  is  fre- 
quently the  case  when  coke  made  from  coal  containing  iron 
pyrites  is  employed,  it  becomes  necessary  to  chaige  into  me  fur- 
nace large  quan&ties  of  carbonate  of  Hme,  which  determine  the 
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dhnination  of  this  impurily  in  tHe  slags  in  the  form  of  sulphide  of 
cabdmn.  Similar  means  are  also  employed  for  the  removal  of 
phosphamsy  the  presence  of  which  is  even  more  prejudicial  to  the 
numu&ctured  iron  than  an  eqinvalent  amount  of  srdphur.  When 
ores  contain  any  considerable  quantity  of  either  of  these  substances, 
it  is  found  impossible  to  obtain  from  them  iron  of  good  quality. 

When  a  furnace  only  supplies  iron  destined  for  conversion  into 
malleable  metal,  it  is  usually  worked  in  such  a  way  as  to  yield 
cast  iron  of  the  white  variety,  which,  from  the  small  amount  of 
caihon  it  contains,  is  peculiarly  adapted  for  the  purpose.  To  ob- 
tain this  result,  the  weight  of  mineral  charged  should  be  large 
in  proportion  to  the  quantity  of  ^el  used,  and  the  blast  requires 
to  be  forced  into  the  hearth  at  a  high  pressure,  so  as  to  deter- 
nmie  the  rapid  descent  of  the  ore.  It  is,  however,  necessary  that 
the  minerals  thus  treated  be  of  good  quality,  and  tolerably  free 
from  impurities,  as  otherwise  an  inferior  kind  of  cast  iron,  quite 
unfit  to  be  manufactured  into  bars,  will  be  obtained. 

When  cast  iron  is  strongly  heated  in  contact  with  air,  its  sur- 
fioe  soon  becomes  covered  with  a  layer  of  oxide.  By  degrees  this 
oxide  again  reacts  on  the  interior  portions  of  the  mass :  the  car- 
bon which  it  contains  reduces  the  oxide  first  formed,  metaUic 
iron  is  produced,  and  carbonic  oxide  gas  is  evolved.  A  similar 
reduction  is  also  effected  by  the  silidum  present,  which  is  thus 
converted  into  silicic  add,  and,  by  combining  with  a  portion  of 
unreduced  oxide,  gives  rise  to  the  formation  of  a  fusible  silicate 
of  iron.  The  composition  of  this  silicate  varies  according  to  the 
relative  amounts  of  oxide  of  iron  and  silicic  acid  present,  but 
usually  assumes  the  formula  3  FeO,  SiO^,  which  appears  to  be  the 
most  stable  of  the  compounds  produced.  If,  in  ^ct,  a  more  basic 
silicate  than  this,  such  as  6  FeO,  SiOg,  for  instance,  be  heated  in 
contact  with  cast  iron,  a  portion  of  the  oxide  becomes  reduced  at 
the  expense  of  the  carbon  contained  in  the  crude  metal,  and  the 
slag  is  in  a  short  time  reduced  to  the  formula  given  above.  At 
very  high  temperatures  a  portion  of  the  oxide  of  iron  present  even 
in  dags  having  this  composition  becomes  reduced;  but,  as  in 
practice  the  heat  employed  is  seldom  suffident  to  produce  this 
e^ct,  the  usual  composition  may  be  assumed  to  dosely  corres- 
pond to  that  above  stated. 

On  these  reactions,  then,  is  founded  the  conversion  of  cast  iron 
into  wrought.  The  iron  first  becomes  oxidised :  one  portion  of 
this  oxide  is  again  reduced  by  the  carbon,  and  another  combines 
with  the  silidc  add  formed.  These  successive  reactions  go  on 
until  the  whole  mass  is  converted  into  malleable  iron  and  fiisible 
sbg.  The  spongy  metal  is  afterwards  consolidated,  and  the  sili- 
cates expressed  by  means  shortly  to  be  described.    The  silica  of 
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the  skg  is  not,  however,  entirelj  derived  from  the  siliciam  con- 
tained in  the  original  pigs  of  iron,  as  a  large  portion  is  due  to  the 
sand  which  adheres  to  their  suiiaoes,  and  is  derived  from  the 
moulds  in  which  thej  were  cast.  A  source  of  this  suhstance  maj 
also  he  traced  to  the  ashes  of  the  comhustihle  hy  ihe  aid  of  whidi 
the  refining  is  effected,  and  which  fr^uentlj  ccmtain  a  laige  per- 
centage of  siliceous  matter. 

Two  different  methods  of  conducting  the  refining  of  cast  uon 
are  extensivelT  employed :  the  first,  or  German  method,  is  chi^j 
confined  to  the  Hartz,  and  is  carried  on  by  the  aid  of  charcoal 
only ;  whilst  for  the  second,  or  English  process,  pit  coal  is  a- 
dusively  employed. 

BBFUIINa  BY  THS  GESMAIT  FOBGS. 

This  operation  is  carried  on  in  a  small  Aimace,  of  which  fig.  124 
represents  a  vertical  section,  and  fig.  125  the  ground  plan.  The 
quadrang^ular  hearth,  h,  is  formed  of  thick  cast  iron  plates,  which^ 
for  protection  against  the  corrosive  action  of  the  sla^,  are  subse- 
quently coated  with  a  lining  of  fire-clay.  The  depth  of  this  crucible 
is  about  10  inches,  and  its  width  from  2  feet  to  2  feet  4  inches. 


124. 


The  blast  is  conveyed  into  the  hearth  by  the  tuyere,  /,  which 
projects  about  4  inches  into  it,  and  is  so  inclined  that  its  axis  may 
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intersect  the  opposite  face  of  the  crucible,  on  the  line  of  its  junc- 
tion  with  the  plate  forming  the  bottom  of  the  arrangement. 


125. 

The  tuyeres  are  composed  either  of  sheet  copper  or  baked  clay, 
md  are  of  the  form  represented  in  fig.  126. 
In  these  are  placed  the  nozzles  of  the  wooden 
bdlows,  B  b',  set  in  motion  by  a  water- 
wheely  and  so  arranged  as  to  afford  a  oon- 
tinnal  stream  of  air.  126. 

The  moYeable  lids  of  these  are  raised  by  cams,  c,  placed  on  the 
axle,  A  Aff  of  the  water-wheel,  and  the  too  rapid  fall  of  the  vibrating 
segments  is  checked  by  their  being  attached  to  the  levers,  e,  ^, 
provided  with  boxes,  w  tif,  into  which  are  placed  weights  for  the 
puipose  of  regulating  the  rapidity  of  the  oescent.  The  cams,  c, 
are  so  disposed  around  the  axle  of  the  wheel,  that  the  moveable 
half  of  one  bellows  begins  to  be  raised  at  the  same  moment  as 
that  of  the  other  is  being  released,  and  in  this  way  a  continuous 
current  of  air  is  kept  up  in  the  furnace. 

In  front  of  the  fire-place  is  a  cast  iron  plate,  raised  on  one 
side  to  the  level  of  the  crucible  mouth,  and  on  the  other  inclined 
to  that  of  the  refinery  floor.  An  aperture,  called  the  ckio  or 
/ott-hole,  passes  through  the  side  of  the  furnace,  and  enters  the 
hearth  at  the  bottom  of  the  crucible  :  by  this  aperture  the  fusible 
slags  are  occasionally  run  off.  Over  the  furnace  is  placed  a  hood, 
V,  which  is  made  of  brick-work,  and  being  provided  with  a  chimney, 
serves  to  carry  off  the  smoke  and  gases  evolved  during  the  process 
of  refining.  To  the  sides  of  this  hood  are  attached  pkfces  of  sheet 
ircm,  for  the  purpose  of  screening  the  workmen  ftom  the  intense 
heat  to  which  they  would  otherwise  be  exposed. 

In  order  to  understand  the  working  of  this  fiimace,  let  us  sup- 
pose that  an  operation  has  just  been  terminated,  and  that  the  hearth 
s^  contains  a  considerable  quantity  of  incandescent  charcoal. 

The  workman  begins  by  fOling  up  the  crucible  with  firesh  fuel, 
and  then  gradually  admits  the  blast. 
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In  the  older  forges  the  supply  of  air  is  legated  hy  limitiiig 
the  supply  of  water  on  the  wheel  hj  which  the  bellows  are  set  in 
motion,  but  in  those  of  more  reoent  oonstruction  blowing  cylin- 
ders are  employed,  and  in  this  case  the  blast  is  tamed  on  by  a 
proper  valve  situated  near  the  tuyeres. 

The  iron  to  be  refined  is  cast  either  into  pigs  of  6  or  8  feet  in 
length,  or  into  small  bars  or  thin  plates,  hi  the  first  case  the 
bar  is  placed  on  two  iron  rollers,  and  its  extremity  introdooed 
into  the  middle  of  the  hearth,  at  a  hdght  of  from  6  to  9  inches 
above  tiie  bottom  of  the  crucible,  mien,  on  tiie  contraij,  tiie 
metal  to  be  refined  has  been  cast  into  smaller  masses,  ihej  are 
piled  to  the  amount  of  from  2  to  8  cwt.  immediately  above  the 
charcoal  with  which  the  cavity  of  the  fdmaoe  is  filled. 

After  a  short  time  the  metal  begins  to  melt,  and  passing  through 
the  current  of  air  issuing  from  the  tuyeres,  Mis  to  the  bottom  of 
the  hearth.  This  period  of  fusion  ordinarily  lasts  from  three  to 
four  hours,  and  during  that  time  advantage  is  taken  of  the  intense 
heat  developed  to  weld  together,  and  form  into  bars,  the  metal 
refined  during  the  preceding  operation.  The  drops  of  melted 
iron,  in  passing  at  a  high  temperature  through  the  air  furnished 
by  the  tuyeres,  become  partially  oxidised,  and  by  a  subsequent 
reaction  of  the  basic  silicate  of  iron  formed,  a  considerable  portion 
of  their  carbon  is  consumed. 

On  arriving  at  the  bottom  of  the  hearth,  the  iron  thus  treated 
has  become  to  a  certain  extent  decarburetted,  and  forms  a  pasty 
mass  beneath  the  layer  of  fuel  through  which  it  has  passed. 
The  slag  which  gradually  accumulates  in  the  furnace  is  from  time 
to  time  run  off  through  the  tapping  hole  before  referred  to,  care 
being  taken  to  retain  a  sufficient  quantity  to  carry  on  the  process 
of  decarburisation. 

The  oxidation  of  the  iron  is  also  partially  promoted  by  bringing 
the  melting  mass  immediately  before  the  current  of  air  thrown  in 
by  the  tuyeres.  The  slag  run  off  is  preserved  for  use  in  Ihe 
succeeding  operation. 

When  the  partially  refined  hupe  or  bloom  has  become  suffi- 
ciently resistant,  the  workman,  by  the  aid  of  a  long  bar  of  iron, 
rolls  it  up  in  the  form  of  a  large  ball,  and  then  raises  it  on  the 
top  of  the  fiiel,  which  he  now  thrusts  down  into  the  bottom  of 
the  furnace.  Fresh  charcoal  is  at  the  same  time  added,  and  the 
pressure  of  the  blast  so  increased  that  the  mass  is  again  subjected 
to  strongly  oxidising  influences,  and  a  second  tmie  &lls  in  a 
liquid  state  on  the  bottom  of  the  hearth,  where,  fix>m  having  now 
lost  a  eonsiderableportion  of  its  carbon,  it  soon  forms  into  hage 
spongy  masses.  The  detached  fragments  are  now  collected  witii 
a  long  iron  bar,  and  imited  in  one  mass.    Should  any  portions 
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appear  to  be  imperfectly  refined,  they  are  again  brongHt  in  a 
pofiiti<m  to  be  directly  acted  on  by  the  blast. 

When  the  mass  has  become  sufficiently  refined,  it  is  rolled 
into  a  lai^ge  ball,  and  removed  from  the  furnace  by  strong  iron 
lerers,  by  which  it  is  first  beaten  to  remove  a  certain  portion 
of  the  adhering  slag,  and  subsequently  subjected  to  the  action  of 
a  heavy  hammer,  by  which  the  spongy  matter  is  consolidated 
and  welded  together,  whilst  the  pasty  siliceous  slag  is  at  the 
same  time  expressed  firom  its  pores.  During  this  operation  the 
crucible  is  cleaned  out,  and  the  larger  proportion  of  the  slag  which 
it  contains  drawn  off;  but  a  certam  quantity  of  this  substance  is 
nevertheless  retained  in  the  furnace  to  assist  in  the  decarburisa- 
tion  of  the  succeeding  charge  of  cast  iron.  Before  again  proceed- 
ii^  to  charge,  it  is  frequently  found  necessary  to  cool  the  hearth 
by  the  introduction  of  water  through  the  iron  tube,  q. 

The  slag  thus  removed  is  not,  however,  thrown  away,  but, 
together  with  the  scale  produced  during  the  hammering  of  the 
maas,  is  preserved  to  be  employed  in  the  next  operation  during 
ihe  first  melting  of  the  pig  iron. 

After  being  removed  from  the  hearth,  the  loupe  is  transported 
by  means  of  heavy  tongs  to  an  anvil,  on  which  it  receives  the 
repeated  blows  of  a  heavy  hammer,  fig.  127,  set  in  motion  by  a 


127. 

water-wheel,  by  which  treatment  the  slag  becomes  completely 
expelled,  and  the  iron  consolidated  into  the  form  of  a  lengthened 
parallelogram. 

The  hanmier  head,  h,  commonly  weighs  fix)m  800  to  1200  lbs., 
and  is  sometimes  made  of  cast  iron,  although  wrought  iron  is 
frequently  employed,  and  in  this  case  the  hammer  is  provided  with 
a  fiu»  of  hardened  steel. 

The  anvil,  a,  is  in  most  instances  composed  of  cast  iron,  which, 
to  give  it  greater  soliditv,  rests  on  a  heavy  mass  of  the  same 
meUl,  m,  supported  by  a  large  wooden  pile,  b,  firmly  fixed  in  the 
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refinery  floor.  The  wooden  beam,  A,  which  carries  the  httmner  n 
a  .\  strengthened  by  bandii  of  iron,  t  j,  and  is  siqiported 
i^^Bk|^jJ  by  a  strong  cast  iron  ring,  a,  fig.  128,  pioTided 
^'v'^l  with  trunnions,  h,  on  which  it  tarns  when  the  head 
^^'  ^  of  the  hammer  is  raised.  These  trunnions  are  sup- 
ported by  iron  bearings  fixed  in  the  wooden  supports.  PttralM 
to  the  hunmer-beam,  and  at  a  short  distance  firom  it,  is  situated 
a  horizontal  axle,  b,  moved  by  a  water-wheel,  and  provided  witti 
a  series  of  cams,  c,  which,  by  ooming  in  oontact  with  an  iron  band, 
situated  at  about  one-third  part  of  the  distance  firom  the  head  to 
the  trunnion,  forminff  the  centre  of  suspension,  first  lift  t^  ham- 
mer in  the  air,  and  then  allow  it  to  fiill  with  its  whde  weight  on 
the  anvil,  a,  which  is  beneath  it.  To  accelerate  tiie  &I1  of  the 
hammer  when  lifted  to  its  full  hdght,  it  is  made  to  oome  in  con- 
tact with  a  long  piece  of  dastic  wood,  which  acts  as  a  spring,  and, 
by  causing  the  rapid  descent  of  tiie  hammer,  prevents  the  &Ding 
beam  firom  coming  in  contact  with  the  cam  which  is  next  in  tii^ 
series.  The  extreme  range  of  the  hammer,  or  the  height  to  wbidi 
it  is  raised  fix>m  the  anvil  at  each  bkw,  varies  from  2  feet  to 
2  feet  6  inches. 

When  the  working  of  a  piece  of  iron  has  been  completed,  tiie 
hamm^  is  propjped  to  the  fiill  height  of  its  rise  by  a  wooden 
support,  which  is  removed  as  soon  as  the  succeeding  loupe  has, 
by  means  of  pnnper  tongs,  been  placed  on  the  anviL    At  fint 
the  water-wheel  is  made  to  revolve  very  slowly,  and  oonaequentiy 
a  considerable  interval  occurs  between  each  blow  of  the  hammer ; 
but  by  degrees  a  more  plentifol  sup^y  of  water  is  admitted, 
and  the  hammer  soon  attains  its  maximum  speed,  which  is  con- 
tinued to  the  end  of  the  operation.    Whilst  tbe  loupe  is  being 
worked  on  the  anvil,  it  is  so  turned  by  the  workman  that  all  its 
sides  may  successively  become  exposed  to  the  hammer ;  and  by 
this  means  the  slag  is  rapidly  expelled  firom  the  spongy  metal, 
which  is  speedily  formed  mto  an  elongated  prism,  of  which  the 
various  parts  have  become  firmly  welded  together.    This  is  again 
subdivided,  by  a  cutter,  into  three  or  four  firagments  or  loping 
which  are  pkced  above  the  loupe  formed  in  the  next  operation, 
and  when  sufficiently  heated  are  drawn  into  bars,  under  a  ham- 
mer especially  adapted  for  that  purpose.     The  mass  is  divided 
by  a  kmd  of  knife,  placed  on  it  whilst  imder  the  large  hammer, 
and  which  in  its  fall  strikes  the  back  of  the  cutter,  which  is  tlras 
made  to  divide  the  iron. 

The  hammer  used  for  drawing  the  lopins  into  bars  is  in  most 
instances  much  lighter,  and  makes  a  greater  number  of  blows  in  a 
given  time,  than  that  employed  for  expressing  the  slag  fi^om  the 
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loupe  when  it  fint  comes  from  the  refinery.    This  hammer,  which 

has  much  lees  lift  than  the  one  just  described,  is  r^resented  in 

figs.  129  and  IdO.    In  this  case,  instead  of  being  raised  directly 

by  the  cams,  the  motion  is  communicated  on  the  other  side  of 

the  centre  of  suspension ; 

ihe  axle  and  cams,  as  in 

the  other  hammer,  bein^ 

toraed  by  a  wat^-wheeL 

£%.  129  represents  a  front 

devation,  and  fig.  130  a 

l^ofile  section  of  this  ham- 

mer.  a  represents  the  axle 

of   the  water-wheel,  on 

which  are  fixed  the  cams, 

c:  these  are  fitted  into  a 

cast  iron  ring,  which  is 

firmly  secured  on  the  shaft 

by  the  wedges,  a,  made  of 

hard  wood. 

The  beam,  B,  carries  the 
hammar,  f,  and  is  received 
into  a  cast  iron  ring,  c,  which  is  provided  with  trunnions,  work- 
ing in  bearings  wedged  between  the  perpendicular  piles,  d  j>% 
and  ihe  cross-bars,  E  E',  which  are  strongly  bolted  together. 


129. 


130. 


At  the  extremity  of  the  beam  opposite  to  that  which  carries 
the  hammer,  is  placed  an  iron  plate,  p,  which  is  firmly  secured  by 
means  of  the  iMuid  d:  against  this  plate  the  cams,  which  are 
turned  in  the  direction  of  the  arrow,  are  successively  brought  to 
bear,  and  by  their  pressure  raise  the  hammer  fixed  on  the  other 
end  of  the  wooden  beam,  which  again  falls  as  soon  as  the  cam  in 
contact  with  the  plate  p  has  so  fat  depressed  the  end  of  the  lever 
as  to  allow  of  i1»  passing  roimd  without  further  impediment. 
The  spring,  b,  is  in  this  case  placed  under  the  tail  of  the  beam. 
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insteftd  of  immediately  above  the  head.  The  faces  of  the  hammer, 
p,  and  of  the  anvil,  g,  are  inclined  at  a  certain  angle  with  the 
floor :  the  guide,  i,  serves  to  steady  long  iron  bars  when  worked 
under  the  hammer. 

The  weight  of  each  loupe  is  in  most  instances  about  2  cwts., 
and  100  lbs.  of  cast  iron  produce  on  an  ayerage  84  lbs.  of  bars. 
For  every  100  lbs.  of  wrought  iron  obtained,  150  lbs.  of  charcoal 
are  employed.  The  bellows  are  stopped  as  soon  as  the  bloom  is 
ready  to  be  placed  imder  the  hammer,  and  the  whole  operaldoa 
occupies  about  five  hours. 

The  iron  manufactured  by  this  method  is,  unless  tiie  crude 
metal  be  extremely  impure,  of  excellent  quality,  and  good  ircm 
may,  even  in  this  case,  be  obtained,  although  at  a  oonsiderable 
waste  of  fuel,  and  loss  of  metal.  Befineries  of  this  description 
have  occasionally  been  supplied  with  heated  air  instead  of  the 
ordinary  cold  blast,  but  this  having  been  proved  to  be  of  no 
value,  except  during  the  first  fusion  of  the  pigs,  and  also  to  cause 
great  irregularity  in  the  working  of  the  fivnace,  it  has  now  been 
universally  discontinued.  Attempts  have  been  made  to  replace 
the  employment  of  charcoal  by  the  use  of  coke,  but  the  iron  pro- 
duced by  this  means  is  so  much  inferior  to  that  prepared  with 
the  usual  fuel,  as  to  more  than  compensate  for  the  advantages 
derived  by  the  substitution  of  the  chei^r  combustible. 

The  process  above  described  is  caDed  by  the  Qermans  Hfoi^^- 
frischen,  or  lump  refining,  and  differs  from  the  durch-breck' 
Jrischen,  because  m  the  latter  the  loupe,  instead  of  being  rounded 
together  in  one  mass  on  the  hearth  of  the  furnace,  is  &en  sepa- 
rated into  several  lopins,  which  are  successively  worked  under  the 
hammer. 

The  French  call  the  first  process  the  affinage  au  petit  foyer^  and 
the  second,  affinage  par  portions. 

EFGLISH  MSTHOD  OF  RIEFISISQ. 

In  this  and  other  countries  where  the  scarcity  of  wood  renders 
the  employment  of  charcoal  extremely  expensive,  the  conversi<m 
of  cast  iron  into  malleable  metal  is  entirely  effected  by  the  use  of 
pit  coal  or  coke. 

This  transformation  is  produced  by  two  consecutive  operations, 
carried  on  in  separate  furnaces.  In  the  first  process  the  metal  is 
melted  in  an  apparatus  in  some  respects  resembling  the  old 
German  refinery,  as  the  liquid  metal,  after  passing  before  the 
blast  of  numerous  tuyeres,  accumulates  in  the  bottom  of  the 
crucible,  from  whence,  instead  of  being  allowed  to  remain  until  it 
has  assumed  a  pasty  consistency,  it  is  run  off  into  a  flat  mould, 
prepared  for  that  purpose,  a  little  beneath  the  level  of  the  hearth. 
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By  this  treatment  the  metal  loees  a  considerable  portion  of  its 
carbon,  and  nearly  the  whole  of  its  silicium,  and  is  thereby  rendered 
extiemelj  hard  and  brittle,  its  surface  being  usually  covered  with 
numerous  small  blisters,  like  those  observed  in  some  varieties  of 
steel,  to  which  its  composition  is  made  in  some  d^pree  to  apfooaeh. 
The  iron  in  this  state  is  known  by  the  name  oijme  metal,  and  is 
now  transferred  to  another  furnace,  in  which  its  decarburisation 
is  completed.  The  apparatus  in  wluch  this  process  is  carried  on 
comsistB  of  a  reverberatory  furnace,  in  which,  after  being  again 
fused,  it  is  subjected  at  a  very  high  temperature  to  a  current  of 
atmospheric  air,  by  which  its  surfEice  is  partially  oxidised,  and  its 
combined  carbon  eliminated  in  the  form  of  carbonic  acid  gas. 
During  this  operation  a  portion  of  the  oxide  formed  combines 
with  the  silica  resulting  from  the  oxidation  of  the  small  quantity 
of  silicium  still  remaining  in  the  fine  metal,  and  forms  a  basic  slag, 
which  reacts  on  the  carbon  contained  in  the  metsJ. 

As,  however,  the  quantity  thus  produced  is  very  inconsiderable, 
it  is  usual  to  throw  into  the  furnace  a  certain  amount  of  rich 
slags  obtained  during  other  stages  of  the  manufacture.  The 
oxide  of  iron  contained  in  these  scorisB  now  reacts  on  the  carbon 
still  retained  by  the  metal,  which,  from  the  escape  of  carbonic 
oxide  gas,  shortly  appears  to  boil ;  and  this,  on  reaching  the 
surfiice,  bums  with  a  pale  blue  flame,  and  is  thus  converted  into 
carbonic  acid. 

When  the  metal  is  judged  to  be  sufficiently  refined,  the  work- 
man collects  it  together  in  the  form  of  large  balls,  similar  to  the 
loupes  of  the  German  forge,  and  exposes  them  successively  to  the 
action  of  a  heavy  hammer,  by  which  the  vitreous  slag  is  expelled, 
and  the  spongy  metal  compressed  into  a  compact  form.  The 
operation  by  which  the  last  portions  of  carbon  are  extracted  from 
^  metal,  is  called  puddling,  and  the  puddled  iron,  after  being 
properly  compressed  by  the  heavy  hanmier  above  mentioned,  is 
agam  heated,  and  then  passed  through  a  series  of  rollers,  by 
which  it  is  formed  into  bars  of  greater  or  less  length  and  diameter. 
The^fine  metal  of  the  English  process  very  nearly  corresponds  to 
the  iron  of  the  petit  fa^er  after  it  has  undergone  the  first  fusion, 
and  the  paddled  balls,  when  collected  on  the  furnace  bottom, 
oorresp(md  to  the  rounded  loupe  when  ready  for  carrying  to  the 
hamm^. 

The  Wiia«if  The  English  fining  furnace,  or  refinery,  is  com- 
monly built  on  a  mass  of  brick-work  about  9  feet  square,  which  is 
raised  but  little  above  the  level  of  the  floor,  and  placed  either  in 
a  shed  or  in  the  open  air. 

The  fire-place  consists  of  an  irregularly-formed  hearth,  a,  figs. 
131  and  132, 2  J  feet  in  width,  and  31  feet  in  length,  composed  of 
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four  cast  iron  tnragliBy  B,  through  which  a  current  of  cold  watois 
constantly  passed  to  prevent  their  fusion  by  the  heat  dereloped  in 
the  furnace.  The  bottom  of  the  crucible  is  formed  either  of  grit- 
stone or  argillaceous  sand,  and  is  slightly  inclined  in  tiie  directioQ 
of  the  tappmg^holey  A. 


181. 

The  air  is  supplied  by  the  blowing  cylinders  wliich  supply  the 
blast  furnace,  jmd  entm  the  hearth  through  the  six  tuyeres,  t, 
so  arranged  that  the  current  issuing  from  those  on  the  oTOpoote 
sides  of  the  crucible  are  not  disposed  in  the  same  plane.  These 
tuyeres,  like  those  in  the  furnaces  in  which  cast  iron  is  jnrepaied, 
are  provided  with  double  casings,  and  through  these  a  current  of 
cold  water  is  constantly  flowing.  The  wat^  for  this  purpose  is 
furnished  by  the  reservoirs  r,  from  whence  it  is  supplied  to  the 
tuveres  through  the  pipes  />,  and  afterwards  escapes  through  1^ 
tubes  f/  into  the  tanks  r,  into  which  the  water  from  tiie  spaces  b 
also  flows  through  the  pipes  /.  Each  of  tiiese  furnaces  con- 
sumes about  400  cubic  feet  of  air  per  minute ;  this  enters  through 
the  pipes  c,  furnished  with  screw  valves  at  v,  by  whidi  md 
quantity  passing  through  the  nozzles  is  easily  regulated.  The 
tuyeres  are  incUned  at  an  angle  of  from  25**  to  dO^,  and  are  so 
placed  that  their  axes  intersect  the  opposite  faces  of  the  cruciUe 
a  little  above  the  angle  formed  by  its  junction  with  the  bottom  iji 
the  furnace.  The  hearth  is  surmounted  by  a  chimney,  8,  of  from 
16  to  18  feet  in  height,  supported  by  four  cast  iron  columns,  p, 
which  admit  of  free  access  to  the  firo  on  all  its  sides.     The  tap- 
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mng^hole,  A,  fig.  132,  is  placed  in  one  of  the  shorter  sides  of  the 
hearth,  aad  by  it  the  mdted  metal,  together  with  the  slag,  flows 
out  an  the  mould,  x,  where  it  is  sahseqoently  cooled  by  the  addi- 
tion of  water.  The  plate  of  fine  metal  thus  formed  is  about  10 
feet  in  length,  2\  feet  in  breadth,  and  2  inches  in  thickness.  A 
portion  of  the  slag  forms  a  thin  crust  over  the  surface  of  the  iron 
ran  oat,  but  the  sreater  part  is  collected  in  a  small  pit  made  for 
that  puipose  at  we  lower  end  of  the  mould. 


The  working  of  the  English  refinery,  like  that  of  the  German 
forge,  is  continuous,  so  that  as  soon  as  one  charge  of  metal  is  run 
out,  the  hearth  is  again  prepared  for  the  reception  of  a  fresh 
supply.  Immediately  after  tapping  the  fine  metal  into  the  mould, 
X,  the  workman  detaches,  by  means  of  a  long  iron  bar,  any 
portbns  which  may  remain  adhering  to  the  sides  of  the  fiirnaee, 
and  the  ignited  fuel  being  pressed  down  into  the  bottom  of  the 
cmciUe,  new  coke  is  added  until  the  hearth  has  been  filled  to  a 
proper  height.  The  pigs  of  iron  are  now  placed  symmetrically  on 
the  ti^  of  the  coke,  taUng  care  to  cover  the  whole  surface,  and  at 
the  some  time  allowing  sumdent  vent  between  them  for  the  escape 
of  the  smoke  and  gases  produced.  Each  charge  of  the  finery  ordi- 
narily consists  of  six  pigs,  of  which  four  are  laid  parallel  to  the 
aides  of  the  furnace,  and  on  these  the  two  others  are  made  to  rest 
transreraely.  The  weight  operated  on  at  one  time  varies  from 
1  ton  to  80  cwts.  This  quantity  occupies  about  two  hours  in 
refining,  and  loses  from  13  to  17  per  cent,  of  its  weight  during 
the  opmtion.  At  the  expiration  of  a  quarter  of  an  hour  after 
ehargmg,  the  iron  begins  to  melt,  and  passing  drop  by  drop  through 


SKI  JXOK. 

the  air  fumiflhed  by  the  tojeres,  gndaaUj  iimiiiiiiihIiIib  at 
bottom  of  the  hearUi.  Bj  tliB  hmub  n  portioii  of  the  meUl 
becomes  ozidised^  and  imituig  with  the  siliceous  dnder  oontained 
in  the  fbel,  as  also  with  the  silica  resulting  from  the  oxidatioii  of 
the  silicium  present  in  the  cast  iron,  forms  a  fusible  Titreoos  slag. 
This  slag,  which  is  extremely  rich  in  oxide  of  iron,  exerdnea  a 
strong  decarburising  action  on  the  iron  on  which  it  floats,  and  in 
order  that  these  changes  may  be  properly  effected,  the  air  from 
the  different  tuyeres  is  allowed  to  play  on  the  surface  of  the  ibsed 
mass  for  a  considerable  time  after  the  whole  of  the  iron  has  been 
collected  at  the  bottom  of  the  crucible.  During  this  period  the 
fuel  is  observed  to  be  continually  lifted  by  the  motion  caused  in 
the  metal  by  the  escape  of  the  gaseous  oxide  of  carbon  prodnoed 
by  the  reaction  of  the  rich  silicate  of  iron  constituting  the  slag. 
When  in  this  state,  the  metal  is  not  stirred,  as  in  ^  German 
refineiy,  but  as  soon  as  the  decarburisation  is  judged  suffideotly 
advanceid,  the  tap-hole,  A,  is  opened,  and  the  contend  of  the  heartii 
allowed  to  flow  into  the  mould,  m,  where  it  is  cooled  by  the  addi- 
tion of  a  large  quantity  of  cold  water,  by  which  treatment  it  is 
rendered  ex^mely  brittle.  The  slags  are  now  separated,  and  the 
fine  metal  broken  into  pieces  convenient  for  its  transport  to  1^ 
puddling  Aimace,  where  it  is  to  be  freed  from  the  remainder  of  its 
carbon,  and  converted  into  soft  iron.  An  ordinary  furnace  is 
capable  of  refining  about  ten  tons  of  cast  iron  in  tweniy-fom- 
hours,  and  consumes  from  4  to  5  cwts.  of  coke  for  each  ton  of  metal 
refined.  The  fine  metal,  besides  containing  less  carbon  than  the 
pig  iron  from  which  it  was  prepared,  has  also  lost  nearly  &ie 
whole  of  its  silicium,  as  well  as  various  other  impurities  wlneh 
pass  off  in  the  form  of  slag.  From  the  impurities  contained 
in  the  fuel,  iron  refined  by  the  aid  of  coke  is  found  to  be  le% 
pure  and  tenacious  than  that  in  the  preparation  of  which  char- 
coal alone  has  been  employed,  and  for  this  reason  the  latter  fael 
is  constantly  used  when  metal  of  a  peculiarly  good  quality  is 
required.  The  iron  from  which  tin  plates  are  manufactored  is 
therefore  refined  with  charcoal,  but  as  in  this  case  the  metal 
accumulates  on  the  sides  of  the  frunace  in  the  form  of  dots  or 
lumps,  they  are  directly  removed  from  the  refineiy  hearth  to  the 
tilt  hammer,  and  flattened  into  thin  plates  before  being  removed 
to  the  furnace,  in  which  their  treatment  is  completed. 

Tfce  PnddUiiia  Fwwmc. — The  fturther  purification  or  puddlii^ 
of  iron  is  effected  in  a  reverberatory  frunace,  figs.  133  and  134,  of 
which  the  first  is  a  vertical  section,  and  the  second  a  grotmd  plan. 
The  hearth.  A,  which  is  composed  either  of  fire-brick  set  on  edge, 
or  of  a  plate  of  cast  iron  covered  with  a  layer  of  slag,  is  laid  very 
nearly  level,  but  has  nevertheless  a  slight  inclination  towards  b. 
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where  the  &U  becomes  considerable,  and  at  the  lowest  point  of 
which  is  situated  the  floss-hole,  A,  for  the  removal  of  the  slags 
which  accumulate  in  the  furnace  during  the  process  of  decarburis- 
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ation.     The  hearth,  which  is  usually  4  feet  in  width  at  the  widest 
part,  is  reduced  to  about  1  foot  8  inches  at  its  other  extremity, 


134. 

and  has  in  most  instances  a  length  of  about  6  feet.  This  part  of 
the  furnace  is  separated  from  the  fire-place,  f,  by  a  bridge  10  inches 
in  height,  and  one  brick  in  thickness.  The  fire-bars  are  made 
moveable  for  the  greater  convenience  of  removing  the  clinker,  and 
cover  a  space  havmg  for  its  length  the  width  of  the  hearth  next 
the  bridge,  whilst  it  measures,  according  to  the  size  of  the  furnace, 
firom  2  feet  8  inches  to  3  feet  4  inches  in  the  other  direction.  The 
draught  through  the  apparatus  is  determined  by  a  chimney  com- 
posed of  bricks  strengthened  by  numerous  iron  ties,  and  varies  from 
30  to  50  feet  in  height.  The  upper  part  of  this  shafb  is  fiir- 
nished  with  a  sheet-iron  damper,  opened  by  a  chain  and  lever. 
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by  which  the  workman  can  regulate  at  will  the  amount  of  air  psfis- 
ing  throogh  the  furnace.  The  walls  of  this  arrangement  aire  binlt 
of  ordinary  masonry,  but  the  dome  and  all  the  other  parts  expoaed 
to  a  high  temperature  are  exclusivdy  constructed  of  good  fire- 
bricks, cloaely  bedded  in  day.  The  outside  of  the  maas  is,  as 
represented  in  fiff .  134,  encased  in  a  strong  ooYering  of  cast  iron, 
finnly  held  togemer  by  clamps  and  wed^,  and  by  thia  nxeans, 
not  only  is  the  perfect  solidity  of  the  structure  ensured,  but  the 
incanyenieDCe  attending  the  entrance  of  cold  air  throiigk  ihe  defb 
dTi^bridt-workiseBtmly  ftVoMed.  The  door,  x,  is  in  eoinmu- 
nictftioB  with  tlw  grate,  and  closed  dflier  br  an  accomtdation  of 
ooal  used  fbr  fbel,  or  by  sliding  doors  raised  by  a  chain  sand  lever. 
In  ihk  country  Uie  Iwding-hole  of  the  ftmaliee  is  usualfy  cdoeed 
by  the  accumulation  of  com  oidy«  Tbe  opening,  n,  flg.  184,  oom- 
municates  with  the  hearth  or  sole  of  the  fiuiMoe.  This  door  is 
chiefly  used  for  working  the  metal  with  an  iran  bar  during  the 
process  of  puddling,  and  is  closed  by  an  iron  frame  fiHed  wilii 
fire-bricks,  and  raised  by  a  chain  and  lerer.  Another  aperture, 
sometimes  placed  on  the  same  sole  of  the  furnace,  but  considerablr 
nearer  the  chimney,  is  employed  for  charging  the  refined  meU 
and  cleaning  out  the  apparatus  at  the  dose  of  each  operation, 
and  is  therdfore  kept  closed  by  an  iron  plate  during  the  worldi^ 
of  the  charge.  The  hearth,  as  before  stated,  is  frequently  com- 
posed of  a  cast  iron  plate  covered  with  a  fusible  slag,  and  m  this 
case  a  space  for  the  circulation  of  odd  air  is  left  between  it  and 
the  brick-work :  by  this  means  the  temperature  to  which  it  is 
exposed  is  consttfitiy  kept  lower  than  the  point  of  iti  fiiaioD,  and 
the  plate  consequently  remains  uninjured  under  ctrcnmBtwmei  by 
whi^  it  would  otherwise  become  rapidly  destroyed. 

The  puddling  of  fine  metal  in  this  furnace  is  conducted*  in  the 
following  manner : — ^The  iron  is  introduced  into  the  famace  by 
means  of  a  shovel,  and  piled  up  on  the  sides  of  the  hearth  until  it 
nearly  touches  the  dome,  care  being  taken  to  keep  the  oentane  of 
the  sole  dear  for  working  the  charge,  as  also  to  allow  the  heated 
air  to  circulate  fireely  around  the  broken  fi^igments.  To  the 
broken  metal  a  portion  of  rich  slag  and  iron  sodes  is  afterwards 
added.  The  doors  are  now  closed,  firesh  fuel  is  thrown  on  the 
grate,  and  the  damper  at  the  top  of  the  chimney  entirely  dosed. 
At  the  expiration  of  about  half  an  hour  the  sharp  edges  of  the  fine 
metal  begm  to  melt,  and  flow  on  the  bottom  of  the  hearth.  The 
workman  at  this  stage  removes  a  smaU  iron  plate,  by  which  an 
opening  in  the  workii^  door  is  closed  during  the  first  part  of  the 
operation,  and  with  an  iron  rod  stirs  the  melted  portions  of  metal 
in  order  to  expose  new  surfaces  to  the  action  of  the  oxidising  gases 
passing  through  the  furnace ;  he  also  removes  it  to  a  certain  dis- 
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tance  firom  the  bridge,  to  prevent  its  ranning  together  in  one  mass. 
When  the  whole  of  the  charee  has  been  thus  reduced  to  a  pasty 
state,  the  fire  is  lowered,  the  damper  gradually  dosed,  and,  if  it  be 
Iband  nec^saiy,  a  tittle  water  may  be  thrown  into  the  furnace. 
The  metallic  bath  now  appears  to  boil,  from  the  evolution  of  car- 
bonic oxide  gas,  which  inmiediately  takes  fire  on  reaching  the  sur- 
fiioe,  aad  bums  with  a  blue  flame.  The  puddler  now  keeps  the 
metal  constantly  stirred  with  an  iron  tool  called  a  padiU,  thus 
continually  exposing  fresh  surfaces  to  the  action  of  tiiie  gases  in 
the  Inmace.  It  is,  however,  desirable  that  the  metal  should  be 
Bobjeeted  as  tittle  as  possible  to  the  direct  action  of  atmospheric 
air,  by  which  it  would  become  rapidly  oxidised ;  and  for  this  reason 
the  wmAing  door  is  not  <^>ened  more  than  is  absolutely  necessary 
fixr  carrying  on  the  work.  Afber  a  time  the  metal  begins  to  lose 
its  cc^Mraioe,  and  becomes  sandy,  or,  as  the  workman  expresses  it, 
dry.  The  evolution  of  oxide  of  carbon  now  rapidly  dedines,  and 
•oon  ceases  altogether ;  but  the  stirring  of  the  mass  is  continued 
until  it  has  assumed  a  uniform  granular  appearance.  When  this 
point  has  been  attained,  the  fire  is  again  forced,  and  the  damper 
gradnally  raised :  this  causes  the  sandy  particles  to  agglutinate 
and  oflfer  considerable  resistance  to  the  paddle*  The  iron  is  now 
said  to  work  heavily,  and  a  portion  of  the  scoria  is  run  off 
thzoogh  the  floss-hole  left  for  that  purpose  at  the  end  of  the  frur- 
naoe  mrthest  removed  from  the  bridge.  It  now  only  remains  for 
ihe  workman  to  form  the  iron  into  balle,  and  this  he  does  by 
attaching  a  small  portion  to  the  end  of  his  paddle,  and  so  rolting 
it  in  the  hearth  as  to  collect  other  fragments,  whidi  become  firmly 
wdded  to  it.  In  this  way  the  whole  of  the  charge  is  collected 
into  Imnps  weighing  from  60  to  70  pounds  each,  and  these,  when 
fimned,  are  placed  by  a  kind  of  rake  called  a  do%,  and  which  is 
heated  to  redness  before  beiog  used,  in  the  hottest  part  of  the 
fomaoe^  where  they  are  pressed  for  the  purpose  of  squeezing  out 
the  slag  contained  in  the  spongy  mass.  This  making  of  the  balls 
oocopiea  about  twenty  minutes,  and  when  it  is  accomplished  the 
dooiB  are  closed  for  a  short  time,  and  the  dampers  opened  for  the 
purpose  of  wdding  the  partides  of  the  metal  closely  together. 
The  101^)68  are  now  successivdy  removed  from  the  fiimace,  and 
placed  either  under  the  hammer  or  squeezer,  in  which  case  they 
are  often  wdded  to  a  long  iron  rod,  which  serves  the  workman  in 
tieu  of  a  handle.  When,  on  the  contrary,  as  in  most  parts  of 
Wales,  they  are  passed  directly  to  the  roughing  rollers,  they  are 
lifted  directly  from  the  hearth  by  the  help  of  heavy  tongs  only. 

The  diaigeof  a  puddling  furnace  is  usually  from  8}  to  5  cwts.  of 
fine  metaL  When  Tery  pure  cast  iron,  such  as  that  prepared  from 
charcoal,  is  to  be  treated,  the  preliminary  operation  of  refining  is 
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sometimes  dispensed  with,  but  for  ordinaiy  rough  metad  its  pre- 
vious purification  is  almost  indispensable.  Each  furnace  reoeiTes 
from  10  to  11  charges  in  the  course  of  twenty-four  hours,  and 
the  average  loss  experienced  by  the  fine  metal  may  be  estimated 
at  about  9  per  cent,  on  the  quantity  treated.  About  five  puddling 
furnaces  are  required  for  each  finery,  and  every  charge  of  metal  pud- 
dled requires  the  combustion  of  just  its  own  weight  of  coals.  The 
operation  may  be  divided  into  four  distinct  periods.  T^e  meltii^ 
of  the  refined  metal  commonly  begins  to  take  place  at  the  expi- 
ration of  twenty  or  tweniy-five  minutes.  At  the  end  of  an  hoar 
and  a-half  the  charge  is  completely  reduced  te  a  sandy  state.  It 
is  in  this  state  kept  heated  for  another  half-hour,  and  at  the 
expiration  of  that  period  the  balling  is  conunenced,  and  this  occu- 
pies about  the  same  length  of  time. 

c^Mprt— iMj  the  PiidAed  Baiifc — ^The  hammer  em^oyed  for 
compressing  the  balls  after  their  removal  from  the  puddHng  fur- 
nace, is  commonly  made  of  cast  iron,  and  is  represented  in  fig.  135. 
The  weight  of  the  helve,  h,  varies  firom  31  to  4  tons,  and  its  length 
is  in  most  instances  about  10  feet. 


The  axis,  a,  of  the  hammer  reste  on  heavy  plummer-blocks, 
firmly  secured  by  strong  bolts  passing  through  a  large  mass  of 
masonry,  on  which  one  or  more  courses  of  wooden  beams  are  placed 
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for  the  purpose  of  affording  a  certain  degree  of  elastieiiy  to  the 
arrangement.  The  head,  p,  is  made  of  wrought  iron,  faced  with 
f^teel,  and  weighs  from  7  to  8  cwts.  This  is  attached  to  the  helve 
by  passing  through  a  large  hole  cast  in  its  extremity,  and  is  firmly 
secured  by  iron  or  wooden  wedges.  The  anvil,  like  the  hammer, 
is  composed  of  two  parts :  one  of  these,  called  the  pane  of  the 
anvil,  is,  Hke  that  of  the  hammer,  formed  into  a  series  of  srooves 
for  the  purpose  of  better  expressing  the  slags  from  the  ba^,  and 
wdding  their  particles  more  closely  together.  This  is  of  equal 
weight  to  the  head  of  the  hammer,  and  rests  on  a  large  cube  of 
cast  iron,  to  which  it  is  secured  by  proper  wedges.  The  weight 
and  dimensions  of  the  iron  block,  6,  supporting  this  face,  vary  in 
different  manu&ctories,  but  on  an  average  it  may  weigh  about  4 
tons,  although  six-feet  cubes  of  cast  iron  have  been  sometimes 
employed  for  this  purpose.  The  head,  which  lifts  from  16  to  24 
inches,  and  makes  from  75  to  100  blows  in  a  minute,  is  raised  by 
a  succession  of  cams,  c,  fixed  in  a  heavy  cast  iron  collar,  h,  called 
the  eamrrmg4>ag,  which  may  be  8  feet  in  diameter,  and  18  or  20 
inches  in  thickness :  this  weighs  from  4  to  4^  tons,  and  is  firmly 
keyed  to  a  powerful  shaft,  s,  moved  either  by  steam  power  or  a 
water-wheel.  The  apparatus  <  t"  is  for  the  purpose  of  propping 
up  the  head  of  the  hammer  when  not  in  use.  The  puddled  loupes 
are  held  under  this  instrument  by  an  iron  rod  called  a  porter,  and, 
when  the  slag  has  been  sufficiently  expressed,  they  are  passed 
through  a  series  of  grooved  iron  rollers. 

The  heavy  iron  hammer  is  now  sometimes  replaced  by  a  kind 
of  hinged  press,  fig.  186,  in  which  the  balls  of  puddled  metal  are 
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subjected  to  considerable  pressure  by  means  of  a  powerful  lever. 
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This  apparatus  consists  of  two  strong  jaws,  a,  b,  c,  joined  togetiier 
at  b  like  a  pair  of  common  scisaorB :  in  this  case  the  cutting  edges 
are,  however,  replaced  by  plane  surfiuses,  in  which  are  numooos 
latitudinal  grooves,  in  order  to  retain  the  loupes  of  melaJ  to  be 
operated  on.  The  lower  jaw,  c,  oonsists  of  a  cast  iron  box,  tfaroo^ 
which  a  current  of  water  constantly  flows,  in  order  to  prevent  iU 
becoming  too  highly  heated  by  the  masfleB  of  hot  metal  which  it 


be  upper  jaw,  a,  receives  its  motion  from  the  shaft,  8,  with 
which  it  is  connected  by  the  crank,  <,  and  which  must  be  made  of 
stout  wrought  iron  of  good  qualiiy.  This  press  occasions  leas 
waste  than  the  ordinaiy  hammer,  and  at  the  same  time  mors 
expeditiously  fits  the  loape  for  passing  through  the  rolling  milk. 
Both  these  contrivances  have,  however,  of  late  yean  become  very 
generally  superseded  by  Nasmyth's  steam  hammer,  which  is 
equally  applicable  to  the  compression  of  the  puddled  loiqws  and 
the  forging  of  large  masses  of  finished  iron  in  the  manufactore  of 
anchors  and  other  heavy  articles.  The  head  of  this  insiirumait 
consists  of  a  cast  iron  block,  to  which  is  fitted  a  steeled  wrought 
iron  facing.  To  lift  this  weight,  which  frequently  amounts  to 
from  four  to  five  tons,  it  is  attached  to  a  rod  c<Hmected  with  a 
piston  working  in  a  steam  cylinder,  which  is  supported  at  a  con- 
venient height  on  a  stout  stand  of  cast  iron.  The  sides  of  this 
frame  are  tSao  grooved  so  as  to  form  guides  fat  the  hammfflr  head. 
The  anvil  is  pkced  between  the  uprighta  which  support  the 
(nrlinder,  and  is  provided  with  a  steded  fiidng  nmilar  to  that  of 
the  moveable  mass  constituting  the  hammer  iteelf  .  On  the  top  of 
the  staging  which  supports  &e  cylinder  is  placed  a  platform  for 
the  hammer-man,  who,  by  admitting  steam  under  the  piston, 
raises  both  it  and  the  hammer  to  whidi  it  is  attached ;  whSst,  by 
cutting  off  the  communication  with  the  boiler,  allowing  the  steam 
to  escape,  and  at  tba  same  time  permitting  the  atmorohere  to 
have  access  to  the  other  side  of  the  piston,  the  mass  of  metal  is 
made  to  fiill  with  its  whole  weight  on  the  anvil  which  is  beneath. 
The  steam  in  this  arrangement  is  alternately  admitted  and  cut  off 
by  a  slide  worked  by  an  eeoeniaic ;  but  when  intermittent  blows 
are  to  be  wplied,  the  slide,  which  it  connected  to  a  proper  lever, 
is  worked  by  hand.  The  workmen,  by  long  practice,  become  so 
completely  masters  of  this  machine  as  to  be  able  to  cork  a  bottle 
without  danger  to  the  glass,  or  break  a  nut  without  in  the  slightest 
d^ree  erasing  the  kernel 

In  large  establishments  these  hammers  are  at  the  present  time 
very  extensively  employed,  but  many  of  the  smaller  forges  still 
compress  the  spongy  metal  either  by  the  squeezer  or  heavy  cast- 
iron  hammer  raised  by  the  head. 
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The  cylinders  by  which  the  soft  metal  is  compressed,  and  after- 
wards drawn  into  bars,  are  of  two  distinct  kinds.  The  first,  which 
are  called  puddling  rails,  serve  to  compress  and  weld  together  the 
balls  of  metal  after  they  are  removed  from  under  the  hunmer,  al- 
thoogh  in  some  localities,  and  particularly  in  Wales,  they  are  passed 
through  the  rollers  as  soon  as  they  have  been  removed  from  the 
funiaoe.  The  second  kind  is  employed  exclusively  for  the  purpose 
of  extending  into  bars  the  masses  of  puddled  iron  after  they  have 
been  cut  into  short  lengths  and  rewelded  to  improve  their  quality : 
these  are  known  by  the  name  of  rollers^  and  are  differently  grooved 
aooording  to  the  pattern  of  the  bars  they  are  intended  to  produce. 
These  cylinders  are  fixed  in  pairs,  one  above  the  other,  in  a  heavy 
framework  of  cast  iron,  and  are  so  connected  by  strong  toothed 
wheels  as  to  turn  in  contrary  directions.  Motion  is  communicated 
to  the  shafts  either  by  st^im  or  water  power,  and  the  distance 
between  the  two  cylinders  admits  of  being  easily  regulated  by 
tcrews  acting  on  the  bearings  in  which  the  trunnions  are  made  to 
work.  A  narrow  oblong  foss  runs  beneath  the  frame  in  which 
the  roBers  are  placed :  through  this  a  stream  of  water  is  contin- 
ually made  to  flow,  and  in  it  is  collected  the  scales  which  fall  from 
the  surfiuse  of  the  heated  iron  when  passing  between  the  cylinders. 
The  ndes  of  this  rectangular  pit  are  commonly  composed  of  large 
blocks  of  stone  resting  on  a  solid  mass  of  masonry,  into  which  are 
bailt  strong  beams  either  of  wood  or  cast  iron,  to  which  the  up- 
lights  or  houamg  frames  supporting  the  rollers  are  firmly  secured. 
A  small  stream  of  water  is  occasionally  conducted  by  a  pipe  to 
each  pair  of  cylinders,  which  are  thus  kept  cool,  and  prevented 
from  being  injured  by  the  hot  metal  passed  between  them. 

The  roughmg  rolls  are  usually  5  feet  in  the  dear  between  the 
hearers,  and  18  inches  in  diameter :  the  trunnions  are  turned  out 
<^  the  same  piece  of  metal,  and  are  each  about  a  foot  in  length. 
iZach  of  these  rollers  has  a  aeties  of  frx)m  five  to  seven  regularly 
decreasixig  grooves  of  an  elliptical  form,  so  arranged  that  the  shorter 
axis  of  l£e  figure  formed  by  the  meeting  of  the  corresponding 
grooves  in  the  two  cylinders  is  equal  to  the  longer  axis  of  the 
ellipse  formed  bythe  junction  of  the  two  grooves  which  come  next 
in  SQooession.  The  smaller  axis  of  each  ellipse  is  also  invariably 
perpendicular  to  the  suifr^^s  of  the  two  cylinders  by  the  meeting 
of  which  it  is  formed ;  and,  for  this  reason,  every  bar  which  has 
passed  between  the  rollers  is  made  to  make  a  quarter  revolution 
before  it  enters  the  grooves  which  come  next  in  the  series,  and  is 
thus  equally  compressed  and  drawn  out  in  all  its  parts. 

The  roughing  and  preparing  grooves  are  sometimes  contained 
on  the  same  cylinders,  but  are  more  frequently  arranged  on  dis- 
tinct rollers,  as  in  fig.  137,  where  a  a'  represent  the  roughing 
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rolls,  and  b  b'  those  by  which  the  metal  is  formed  into  flattened 
bars,  to  be  subsequently  faggoted  and  drawn  into  iron  of  any 
required  size.  The  first  tbree  or  four  grooves  of  the  roughing 
rollers  are  also  commonly  provided  with  asperities  somewbit  re- 
sembling the  teeth  of  a  file,  which  take  firm  hold  of  the  man  of 
metal  presented  before  the  opening,  and  draw  it  through  withool 
danger  of  the  slipping  which  would  occur  if  smootii  surfaces  aotj 
were  employed. 


137. 

To  support  the  balls  and  masses  of  metal  which  are  to  be  passed 
through  the  rollers,  a  thick  plate  of  cast  iron,  notched  on  the  edge 
so  as  to  admit  of  being  closely  implied  to  the  cylinder,  is  placed 
on  a  level  with  the  bottom  of  the  notches  on  the  lower  rc^  T^ 
piece  is  called  the  apron,  and  rests  on  iron  bars  stretched  between 
two  consecutive  standards  of  the  housing  frame.  These  uprights 
vary  firom  5  to  6  feet  in  height,  and  are  usually  about  2  inches 
thicker  perpendicularly  to  the  faces  of  the  rolls  than  parallel  to 
their  surfaces,  in  which  direction  they  measure  from  10  to  11 
inches.  The  different  bearers,  5,  are  connected  tc^ether  at  their 
upper  extremities  by  stout  iron  bars,  drawn  tight  by  screw-nutB: 
these  are  used  by  the  workmen  to  support  the  heavy  tongs  em- 
ployed in  lifting  the  masses  of  hot  iron  to  be  rolled  into  bars. 

The  distances  between  the  roUers  are  regulated  by  the  screws, 
B,  and  the  connections  between  them  estabHshed  by  means  of  the 
strong  toothed  wheels,  o  o',  by  which  they  are  made  to  revolve  in 
opposite  directions.  The  two  series  of  rolls  are  united  by  heavy 
couplings,  d,  r,  tightly  keyed  together. 

Puddled  iron  which  has  been  rolled  into  bars  immediately  on 
its  removal  from  under  the  hammer  is  always  of  very  inferior 
quality,  being  extremely  hard  and  brittle,  besides  being  subject  to 
numerous  flaws  and  imperfections  not  observed  in  ordinary  bar 
iron.  This  hardness  of  the  metal  is,  however,  in  certain  instances 
found  advantageous,  and  for  this  reason  the  bars  of  iron  laid  down 
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<m  our  railways  are  often  composed  of  coarse  hard  iron,  which  is 
made  to  assume  its  peculiar  shape  hj  being  rolled  between 
cylinders  having  on  their  surfaces  grooves  so  arranged  as  to  form 
the  profile  of  the  rail  wanted.  When,  on  the  contrary,  the  iron 
is  required  for  ordinary  purposes,  and  should  consequently  be 
possessed  of  tolerable  tenacity,  its  quality  is  improved  by  cutting 
the  rough  bare  into  short  len^hs,  and  afterwards  welding  them 
together  in  bundles,  and  agam  passing  them  through  a  set  of 
roUen,  the  grooves  of  which  oorrespond  in  size  and  form  to  the 
dimensions  of  the  bars  or  rods  to  be  produced. 

To  effect  this,  the  bars  of  paddled  iron  are,  by  means  of  powerful 
sdasors,  fig.  188,  cut  into  lengths  of  about  a  foot  each,  and  sub- 
laequeniiy  heated  to  the  welding  point  in  an  oven  expressly 
ed  for  that  purpose,  and 
.9kfmUJuirnace. 

These  skian  are  composed 
r  two  jaws  terminated  by  cut- 
^  ting  edges,  a  b,  made  of  hard- 
ened st^  and  firmly  bolted  to  _ 
the  iron  limbs  to  which  they  i 
are  attached.  The  lower  blade,  i 
b,  is  immoveably  fixed  to  a  cast  ^ 
]rcHi8tancheon,whi]st  the  upper  ii 
one,  marked  a,  moves  on  the  |c 
pin,  p^paasing  through  the  same  1^^ 
support.  To  the  upper  limb,  6,  ^ 
of  the  instrument  is  attached 
the  lever,  p  b,  which,  being  con- 
nected with  the  rod,  b  m,  at- 
tached by  a  crank  to  the  shaft 
of  the  steam-engine,  causes  the  jaws  of  the  shears  to  alternately 
open  and  shut  at  eveiy  revolution  of  the  axle  by  which  the 
power  18  supplied.  In  this  way  motion  is  given  to  the  scissors, 
which  easily  divide  bars  of  iron  an  inch  or  more  in  thickness  when 
placed  between  the  jaws. 

The  iron  thus  cut  into  short  lengths  is  made  into  heaps  or  piles 
proportionate  to  the  size  of  the  bars  to  be  manufactured,  and 
neated  in  a  funiace  of  which  fig.  139,  next  page,  represents  a 
vertical  section.  This  apparatus  differs  chiefly  from  the  puddling 
fumaoe  in  the  relation  existing  between  the  hearth,  a,  and  the 
grate,  b,  which  in  the  latter  is  made  much  lar^  than  in  the 
fi)rmar,  on  account  of  the  gireater  heat  which  is  in  that  case 
required.  In  this  furnace  also  there  are  two  doors,  by  one  of 
wluchf  d,  the  fiiel  is  introduced  into  the  fire-place ;  whilst  the 
other,  which  is  not  seen  in  the  woodcut,  is  situated  under 
a  chimney,  and  is  employed  for  introducing  the  bundles  of  iron 
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into  the  hearth,  ▲,  and  removing  them  when  sufficiently  heated  to 
be  passed  through  the  rollers  by  which  they  are  to  be  drawn  into 


13U. 

bars.  This  latter  opening  is  closed  by  a  kind  of  damper,  which  is 
worked  by  a  lever. 

It  is  of  the  greatest  importance  in  furnaces  of  this  description 
that  no  air  be  aJlowed  to  enter  but  that  which  has  lost  the  grater 
portion  of  its  oxygen  by  having  first  passed  through  the  gn^,  and 
for  this  reason  it  is  essential  3iat  the  doors  shoidd  remain  com- 
pletely closed  during  the  time  that  the  faggots  of  puddled  iron  are 
being  heated.  If  this  precaution  were  not  attended  to,  a  consi- 
derable loss  would  be  sustained  by  the  oxidation  of  the  metal 
treated,  as  this  oxide,  uniting  with  the  siliceous  matter  of  the 
Aimace,  determines  the  formation  of  large  quantities  of  rich  slag 
at  the  expense  of  the  metallic  iron.  It  is  also  to  be  observed  that 
the  large  door  is  so  placed  beneath  the  chimney  that  the  air  which 
would  otherwise  enter  the  furnace  on  the  withdirawal  of  the  damper 
makes  its  way  directly  to  the  flue.  When  the  piles  of  puddled  iron 
placed  on  the  sole,  d\  have  acquired  the  temperature  necessaiy  for 
welding  them  together,  they  are  successively  removed  through 
the  door,  and  passed  between  the^nuAtin^  rollers  until  they  have 
assumed  the  required  form  and  dimensions.  These  rolls  are  turned 
with  greater  precision,  and  adjusted  with  more  accuracy,  than  is 
required  in  the  first  set,  as  it  is  essential  that  the  finished  ban 
should  have  a  regular  form,  and  be  perfectly  smooth  on  the  su^ 
face.  They  are  also  made  to  turn  with  more  r^idity  than  the 
roughing  rolls,  to  prevent  the  iron  from  becommg  chiDed  before  it 
has  time  to  pass  through  them.  The  quickness  of  this  motion 
depends,  therefore,  in  a  great  measure  on  the  thickness  of  the 
bars  to  be  produced,  as  the  smaller  specimens  will  evidently  soonest 
become  cold.    For  this  reason,  where  very  small  iron  h  manuixic- 
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tuied,  it  is  xLsoal  to  employ  a  series  of  three  rollers  placed  one 
above  the  other.  In  this  case  the  motion  is  directly  communi- 
cated fix)m  the  engine  or  water-wheel  to  the  middle  cylinder, 
which  being  connected  by  cog-wheels  with  the  other  rollers 
placed  above  and  beneath  it,  causes  them  to  revolve  in  contrary 
directions.  These  cylinders  make,  on  an  average,  &om  150  to  200 
revolutions  per  minute.  To  use  them,  the  heated  bar  is  first 
passed  between  the  first  and  second  rolls,  and  then  returned  fix>m 
the  other  side  between  the  set  formed  by  the  second  and  third. 

HwMfiictm  •£  fttMet  !*•■• — Sheet  uron  is  made  either  by 
hammering  the  heated  metal  to  the  proper  thickness  by  the  same 
methods  that  in  some  localities  are  still  employed  for  the  purpose 
of  drawing  it  into  bars,  or  it  is  made  to  acquire  the  proper  form 
and  thidmess  by  being  passed,  when  strongly  heated,  between 
smooth  rollers  with  polished  faces  arranged  in  the  same  manner 
as  those  intended  for  reducing  it  into  ham. 

Two  sets  of  cylinders  are  employed  for  this  manufacture :  by 
the  one,  the  metal  is  roughed  into  something  like  the  required 
dimensions ;  and  by  the  second,  which  only  differs  from  the  other 
in  being  turned  p^ectly  smooth,  and  more  accurately  adjusted, 
the  sheets  are  finished  off,  and  are  given  an  even  iEuid  polished 
sorfiuse.  The  metal  employed  for  making  sheet  iron  ought  to  be 
veiy  soft  and  tough  ;  and  when  thin  sheets  are  required,  such  as 
those  of  which  tin-plate  is  manufactured,  the  best  charcoal- 
prepared  iron  only  can  be  used. 

To  give  to  the  metal  the  form  of  sheets,  it  is  first  drawn  out 
into  flattened  bars  of  a  greater  or  less  thickness  according  to  the 
dimensions  and  sohdity  of  the  plates  to  be  manufactured.  These 
are  afterwards  cut  by  powerful  shears  into  lengths  corresponding 
to  the  width  of  the  sheets  which  it  is  wished  to  prepare.  This  is 
issoaUy  done  immediately  after  the  metal  has  passed  through  the 
preparing  rollers,  and  whilst  it  is  still  hot.  The  prepared  masses 
are  now  introduced  into  a  reverberatory  furnace,  where  they  are 
heated  to  redness,  and,  when  sufficiently  hot,  are  passed  through 
tiie  roughing  rolls  in  such  a  way  that  the  length  of  the  bars  may 
he  parallel  to  the  axes  of  the  cylinders  between  which  they  are 
compressed.  The  plates  are  in  this  way  acted  on  by  the  rolls  two 
or  three  successive  times,  the  distance  between  them  being  slightly 
kssened  at  each  operation  for  the  purpose  of  thinning  the  sheet 
by  the  continuance  of  the  pressure  exerted  on  it  by  the  cylinders. 
The  roughed  plates  are  now  a  second  time  reheated  in  a  reverbe- 
ratory furnace,  but  not  in  that  employed  for  softening  the  rough 
bars  before  passing  through  the  preparing  rolls,  which,  although 
very  similar  to  the  one  now  used,  is  kept  entirely  for  the  service 
of  the  roughing  roHs  alone.  Great  precautions  are  necessary  to 
prevent  the  entrance  into  the  furnaces  of  any  atmospheric  air 
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which  has  not  pasted  immediatelj  through  the  fire-grate,  as  ihe 
flattened  masses  of  iron  would  hecome  extemallj  oxidised,  and 
conld  not  afterwards  be  made  to  acquire  the  necessary  smooth- 
ness of  sur&ce.  The  heated  plates,  after  beii^  passed  l^iroagh 
the  finishing  cylinders,  are  at  length  found  to  have  assumed  tibe 
required  thickness  and  dimensions,  and  are  subsequoitlj  beaten 
with  wooden  mallets  for  the  purpose  of  remoTing  the  8cal»  of 
oxide  which  in  greater  or  less  quantity  are  inyarii£ly  attadied  to 
their  sur&ces. 

When  the  iron  has  been  rolled  into  yenr  thin  sheets,  sudi  as 
those  employed  in  the  manufacture  of  tin-plate,  the  smootixing  of 
the  surface  is  effected  by  a  distinct  and  separate  operation.  For 
this  purpose  the  reduced  metal,  after  being  heated  to  redness,  m 
order  to  restore  its  softness,  is  laid  in  snocessiYe  hijen  on  a 
smoothly  polished  surface  of  cast  iron,  where  it  is  strongly  com- 
pressed by  the  descent  of  another  surface  acted  on  by  hjdranHe 
pressure. 

For  the  production  of  small  square  iron  bars,  such  as  those 
from  which  nails  are  conmionly  made,  a  system  of  rollers  is  em- 
ployed, which  have  receiYed  the  name  of  ditlen,  fig.  140.    The 

ridges  of  these,  instead  of 
being  obtuse  and  exactly 
meeting  each  other,  as  in 
the  case  of  ordinary  roll- 
ing cylinders,  are  com- 
posed of  sharp  steel  discs, 
of  an  annulw  form,  and 
which  enter  into  of^po- 
site  grooves  of  about  two 
inches  and  a-half  in 
depth;  so  that  any  piece 
of  sheet  iron  whicn  may 
be  passed  between  them 
is  immediately  divided 
into  a  series  of  slips  cor- 
responding in  number  to 
the  circular  cutters  of  the  apparatus.  These  slitters,  a  a',  are 
composed  of  steel  plates,  so  arranged  on  a  heavy  cast  iron  shi^  as 
to  fit  tightly  between  those  placed  on  the  opposite  roUers,  andall 
strongly  secured  in  their  place  by  stout  iron  caps  and  screw  bolts. 
The  metallic  sheet  of  proper  width  and  thickness  is  steadied  whilst 
passing  between  the  kmves  by  the  guides,  1 1,  and  the  tension 
rods,  A,  which  keep  the  cut  bars  separate  whilst  passing  out  cm 
the  opposite  side  of  the  arrangement.  The  wrou^t  iron  bars,  A, 
are  secured  to  the  uprights  of  the  housing  frame,  and  serve  to 
secure  the  guide  and  its  appurtenances  in  a  proper  position. 
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ujJsrurxcTVUE  ot  ibok  by  the  gatalait  ob  fbench  method. 

In  the  French  Pyrenees,  Corsica,  and  in  some  provinoes  of 
Spain,  instead  of  manu&ctiinng  malleable  iron  by  treating  cast 
iron  in  a  refinery  and  puddlix^  furnace,  it  is  obtained  by  one 
operation  directly  from  the  ore.  In  order  that  this  branch  of 
industry  should  be  advantageously  carried  on,  it  is  necessary  that 
the  ores  treated  be  not  only  extremely  rich,  but  also  very  fusible, 
and  tiiai  charcoal,  which  is  the  fuel  employed,  be  obtamed  at  a 
low  price,  since  every  ton  of  bar  iron  thus  produced  will  require 
in  its  preparation  the  expenditure  of  rather  more  than  three  times 
that  wei^t  of  fiiel. 

The  Catalan  furnace  consists  of  a  quadrangular  crucible,  com- 
posed of  refractory  masonry,  and  attached  like  an  ordinary  smithy 
fire-plaoe  to  one  of  the  waUs  of  the  workshop  in  which  it  is  situ- 
ated. Three  distinct  modifications  of  this  smelting  hearth  are 
Qsed  on  different  parts  of  the  Continent,  under  the  names  of 
Catalan,  Navarrese  and  Biscayan  forges,  but  as  in  principle  these 
ezadfy  resemble  each  other,  it  will  be  sujfficient  to  describe  in  de- 
tail the  Catalan  Jbf^,  which  is  that  most  extensively  employed. 

The  hearth  of  ^ns  frunace  is  established  in  a  leacge  mass  of 
^tome-work,  cemented  together  with  refiractory  clay,  and  which, 
instead  of  being  built  directly  on  the  floor  of  the  foundry,  is  sup- 
ported on  one  or  more  small  arches,  to  admit  of  the  escape  of 
moisture,  and  to  preserve  the  bottom  of  the  crucible  from  being 
injured  by  any  dampness  which  might  otherwise  find  its  way  into 
the  masonry.  On  the  top  of  these  arches  is  arranged  a  layer  of 
fire-daj  and  iron  slag,  which  is  well  beaten  down,  and  supports  a 
laige  block  of  compact  granite,  which  forms  the  bottom  of  the 
cradble,  and  on  ^tlus  are  placed  the  four  sides  of  the  hearth, 
(^  ft,  c,  d^  as  shown  in  figs.  141  and  142. 

The  &ce,  a,  which  is  of  iron,  is  called  the  ckw,  and  firom  this 
side  of  the  fbmaoe  the  liquid  si^ga  are  run  off  through  a  hole 
kft  for  that  purpose.  That  opposite  is  called  the  cave^  and  is 
entirely  composed  of  masonry  held  t<^ether  by  refractory  clay. 
This  side  is  somewhat  curved  in  an  outward  direction,  and  is 
slightly  inclined  from  the  bottom  towards  the  top. 

The  side  of  the  frumaoe,  c,  on  the  left  of  the  sketch,  is  called  the 
pargeBj  and  is  composed  of  heavy  bars  of  iron  placed  one  above  the 
other,  so  as  to  form  a  kind  of  vertical  wall.  The  other  side  of  the 
fomaoe,  d,  opposite  the  tuyere,  is  known  by  the  name  of  the  ore, 
or  cotUrefoent,  and  is  composed  of  pieces  of  iron,  having  a  wedge- 
shaped  section,  and  so  arranged  as  to  form  a  rounded  surface, 
with  its  convex  side  placed  towards  the  fire.    The  nozzle,  if,  by 
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which  the  wind  b  brought  into  the  hearth,  has  the  form  of  t 
truncated  cone,  and  ia  made  by  turning  a  piece  of  sheet  copper 
into  the  proper  form,  without  soldering  its  edges.  This  nozzle 
rests  on  the  upper  plate  of  the  porges,  and  endoses  the  tuyere,  t, 
b^  whicn  the  furnace  is  supplied  nith 
air,  by  a  water  blowing  machine,  repre- 
sented in  figs,  141.  142,  imd  wtich  is 
connected  to  the  tuvere  by  a  lE^&them 
hose.  The  amount  of  inclination 
given  to  the  noi^le  is  found  to  mate- 
riaDy  aficet  the  working  of  the  fur% 
nace,  and  is  made  a  great  mystery  of 
by  the  workmen  employed.  In  most 
instances,  however,  the  tuyere  makes 
an  angle  of  from.  SS''  to  40°  with  the 
bottom  of  the  hearth. 

The  dimensions  most  eoinmoDlj 
employed  for  the  Catalan  furnace 
Bs  follow:  length  of  the  hearth 
from  the  poiT^  to  the  con trt^ Tent  at 
its  widest  pwt,  3  feet ;  width  of  the 
crucible,  from  the  ehio  to  the  &oc  of 
the  cave,  1  foot  9  mclies  ;  total  depth, 
from  the  surface  to  the  bottom  of  the 
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hearth,  2  feet  2  inches.   The  distance  between  the  porges  and  the 
contrevent,  at  its  narrowest  part,  is  usnaUy  about  27  inches. 

These  forges  are  invariably  placed  on  the  declivity  of  a  hill, 
and  are  supplied  with  air  by  a  water  blowing  machine,  called 
a  trompe.  This  apparatus  consists  of  a  large  cistern,  A,  which 
is  supplied  with  a  constant  stream  of  water,  and  connected 
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witii  tbe  box,  c,  by  two  wooden  pipes,  b,  B',  about  20  feet  in 
length. 


142. 

The  lower  case,  c,  which  is  secured  on  all  sides,  and  closely 
united  to  the  tubes  b,  b',  is  pierced  with  two  openings,  the  one, 
D,  near  the  bottom  for  the  escape  of  the  water,  and  another  in 
the  lid,  at  £,  through  which  the  air  escapes  into  the  ftimace 
through  the  tube  G,  r,  t,  k. 

The  openings  of  the  tubes  b,  b',  are  at  their  point  of  junction 
with  the  reservoir  partially  closed  by  a  sort  of  wooden  funnel, 
which  causes  the  water  to  descend  in  the  middle  portions  of  the 
Tipnght  pipes,  instead  of  adhering  to  and  running  over  their  inner 
Buifaoes,  as  it  would  be  otherwise  liable  to  do.  A  little  beneath 
the  openings  of  these  funnels,  called  the  itromguMlons,  four  small 
opeiaags,  g,  are  cut  in  an  inclined  direction  through  each  tube ; 
these  are  called  the  <i8pirai€ur8,  and  serve  for  the  passage  of  the 
air  drawn  into  the  apparatus  by  the  downward  motion  of  the 
streims  of  water.  The  two  upright  colunms,  b,  b',  are  firmly 
ttcuied  into  the  lid  of  the  lower  case,  o,  and  are  placed  imme- 
diatdy  over,  and  a  short  distance  above  a  small  wooden  shelf,  on 
which  the  descending  currents  of  water  are  by  their  fall  broken 
into  foam. 

The  action  of  the  apparatxis  may  be  explained  as  follows :  the 
water  flowing  from  the  upper  basin,  a,  draws  down  with  it  a 
current  of  air,  which  enters  through  the  holes,  g,  in  the  vertical 
p^,  and  passes  into  the  lower  cistern,  c.  The  water  which  is 
broken  by  its  fall  on  the  bench,  escapes  by  the  opening  d,  whilst 
the  air  which  has  been  drawn  with  it  into  the  lower  box,  escapes 
hj  the  aperture  E.  The  position  of  the  boards  constituing  the 
^trangmllons  ib  easily  regulated  by  means  of  wedges,  which  allow 
of  the  descent  of  a  larger  or  smaller  supply  of  water,  according  to 
the  requirements  of  the  trompe.  In  order  during  the  working  of 
the  machine  to  r^ulate  the  amount  of  air  passing  into  the  fur- 
psce  at  the  different  stages  of  the  operation,  each  of  the  descend- 
.  jng  columns,  b,  b',  is  provided  with  a  plug,  suspended  by  a  lever  and 
iron  rod,  and  by  means  of  which  the  current  of  water,  and  conse- 
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quen%  tlmt  of  air  also,  is  readHj  controUed  by  the  workmei^ 
having  oocasion  to  leave  the  workshop,  into  which  a  chain  attached 
to  the  other  extremity  of  the  lever  is  brought  for  that  puzpose. 

The  hammer  emjployed  for  forging  the  iron  produced,  is  made 
of  cast  iron,  and  weiglis  from  12  to  14  owts.  This  is  momited  oa 
a  lonff  wooden  beam,  frequently  made  of  beech,  and  bound,  for 
the  siuLC  of  imparting  to  it  solicuty,  with  numerous  bands  of  iztm. 
The  hammer  makes  from  100  to  125  blows  per  minute,  and  is 
raised  by  a  series  of  cams,  arranged  around  the  axle  of  a  wata> 
wheel,  and  acting  on  the  end  of  the  wooden  beam  on  the  oUier 
side  of  its  point  of  suspension.  The  anvil  is  composed  of  a  bk)dL 
of  iron,  listened  by  a  tenon,  on  a  large  mass  of  cast  iron,  whidi 
is  itself  securely  bedded  either  on  a  wooden  pile  or  heavy  block 
of  stone,  sunk  beneath  the  floor  of  the  foundiy . 

In  order  to  understand  the  method  of  workmg  this  foige,  kt  ns 
suppose  that  a  mass  of  iron  or  loupe  has  been  juist  extracted  from 
the  furnace,  and  that  the  workmen  are  ready  to  dean  out  the 
hearth  for  the  purpose  of  commencing  another  operation. 

To  do  this  they  first  remove  from  the  crucible  the  bumiog 
charcoal  which  it  contains,  and  then  carefully  scrape  off  from  the 
sides  any  portions  of  scorise,  or  other  fhsed  matter,  which  maybe 
adhering  to  them.  They  now  again  throw  a  supply  of  boxning 
charcoal  into  the  hearth,  which  they  subsequently  fill  with  tiiis 
combustible  up  to  the  level  of  the  tuyere.  The  hearth  is  mm 
divided  either  by  a  shovel,  or  piece  of  sheet  iron,  into  two  oomqparir 
ments  parallel  to  the  frtce  of  the  porges,  and  in  such  a  way  that 
the  distjEuice  between  the  porges  and  the  shovel  may  be  twice  as 
great  as  that  comprised  between  it  and  the  contrevent.  Charcoal 
ia  now  added  in  the  space  between  the  shovel  and  the  tuyere,  and 
on  the  opposite  side  is  piled  the  roasted 
mineral,  reduced  to  pieces  about  the  sze 
of  eggs.  The  shovel  is  successively  raised 
in  proportion  as  the  space  is  filled  up,  and 
in  this  way  a  saddle-backed  heap,  a,  6,  <^ 
^,  143,  is  raised  against  the  contrevent, 
wnich  is  terminated  in  one  direction  by 
the  side  called  the  chio,  and  the  other  by 
the  face  of  the  cave.  The  surface,  a  6, 
is  now  slightly  covered  with  damp  cha3> 
^  coal  powder,  and  the  space,  a,  betvreen  the 
J  heap  of  mineral  and  the  porges,  entirely 
fiUe^  up  with  fr^h  charcoal,  in  moderately 
sized  pieces. 

When  the  furnace  has  been  thus  prepared,  the  trompe  is  set  in 
action,  and  the  air  admitted  into  the  heartL   This  is  at  first  done 
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with  considarable  caution,  but  the  blast  is  progr^vely  increased, 
until  it  is  allowed  to  play  into  the  hearth  at  its  full  pressure. 
Whilst  this  is  going  onwards,  the  heap  of  broken  ore  is  gradually 
HMsted  and  reduced,  and  the  workmen,  taking  advanta^  of  this 
oppoftumty,  forge  into  bars  the  mass  of  iron  produced  by  a  former 
operation,  and  which  for  this  purpose  is  commonly  divided  into 
four  separate  pieces,  or  moasououettn.  These  fragments  are  placed 
m  tiie  midst  of  the  mass  of  charcoal  lying  between  the  heap  of 
ore  to  be  wrought  and  the  noaszle  of  tne  tuyere,  which  furnishes 
the  air  neceesaiy  for  carrying  on  the  combustion  of  the  fuel,  and, 
after  being  duly  heated,  are  placed  under  the  hammer,  by  which 
they  are  made  to  assume  the  required  form. 

As  the  operation  advances,  and  the  fuel  is  consumed,  fresh 
chaiooal  is  added  to  supply  its  place,  and  the  powdered  mineral 
obiuned  by  sifting  the  ore  as  it  comea  from  the  mine  is  slic^htly 
sprinkled  over  the  surfiEboe  of  the  fire.  These  siftings,  whicn  are 
called  greSkukj  are  slightly  moistened  with  water,  after  being 
thrown  on  the  hearth,  as  they  would  otherwise  be  liable  to  be 
blown  away  by  the  force  of  the  blast,  and  have  a  tendency  to  pass 
too  rapidly  towards  the  bottom  of  the  crucible,  through  tiiie  inter* 
ttioes  occurring  between  the  fragments  of  the  fuel. 

The  charcoal  in  the  immediate  neighbourhood  of  the  tuyere, 
and  on  which  the  full  action  of  the  blast  is  made  to  play,  becomes 
n^dly  consumed,  with  the  formation  of  carbonic  acid  gas,  which 
esc^Mng  through  the  surrounding  charcoal  heated  to  redness,  is 
soon  reduced  to  the  state  of  carbonic  oxide.  This,  from  the  con- 
struction of  the  furnace,  has  to  pass  through  the  openings  left 
between  the  lumps  of  mineral,  before  finding  its  way  into  the  open 
air;  and  the  mineral  which  has  now  lost  idl  traces  of  its  volatile 
constituents,  and  is  very  strongly  heated,  is  in  a  great  measure 
reduced  by  this  means  to  the  state  of  spongy  metafiic  iron,  while 
the  oxide  of  carbon  is  at  the  same  time  converted  into  carbonic 
acid  gas,  and  escapes  in  that  form  into  the  atmosphere.  Another 
portion  of  the  oxide  of  iron  present,  instead  of  being  obtained  in 
the  metallic  state,  merely  becomes  converted  into  protoxide,  which, 
uniting  with  the  siliceous  matters  of  the  charge,  gives  rise  to  a 
large  quantity  of  veiy  fluid  scoria  or  slaff,  which  accumulates  on 
the  bottom  of  the  hearth,  and  is  occasionsuly  dniwu  off  by  the  hole 
left  for  that  purpose  in  tiie  &ce  of  the  furnace,  called  the  chio. 
At  the  expiration  of  two  hours  from  the  commencement  of  the 

rition,  the  full  blast  of  the  blowing  machine  is  admitted  into 
furnace,  and  the  greillade,  which  constantly  descends  with  the 
fuel,  begins  to  frimish  a  certain  quantity  of  slag  and  spongy  iron, 
which  accumulates  at  the  bottom  of  the  crucible.  At  this  stage 
of  the  process,  the  founder  begins  to  prepare  for  the  formation  of 
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the  mass  or  bloom,  and,  by  passing  an  iron  bar  between  the  oon- 
trevent  and  roasted  mineral,  pushes  forward  those  portions  of  it 
which  he  judges  to  be  in  the  most  forward  state,  in  the  direction 
of  the  nozzle  by  which  the  air  is  admitted.  fSnesh  additions  of 
charcoal  and  greillade  are  also  successively  made  during  the  whole 
time  of  the  operation,  and  at  the  expiration  of  about  five  hoars 
from  the  time  of  its  commencement,  the  entire  charge  has  reached 
the  bottom  of  the  Aunace,  where  the  spongy  iron  is  collected  by 
the  workmen  with  a  long  iron  rake,  and  formed  into  a  bloom, 
which  is  afberwards  carried  to  the  tilt  hammer,  by  which  the  slag 
is  expressed,  and  its  particles  closely  welded  together  in  a  compad; 
form.  When  the  loupe  has  by  this  means  been  welded  into  a 
solid  mass,  it  is  again  put  under  the  hammer,  and  cut  by  a  kind  of 
heavy  steel  knife  into  two  equal  portions,  called  massoqueSj  which, 
after  being  a  second  time  heated  in  the  furnace,  are  made  to 
assume  the  form  of  elongated  prisms.  Each  of  these  is  subse- 
quently divided  by  a  blow  of  the  hammer  on  the  badE  of  the  cutter 
into  two  equal  parts  or  massouquettes,  which  are  drawn  out  into 
bars  during  the  first  period  of  the  succeeding  operation. 

Each  charge  requires  six  hours  for  its  conversion  into  malleable 
iron,  but  during  the  last  hour  of  fusion,  those  of  the  labourers 
who  are  not  otherwise  engaged  are  occupied  in  breaking  the  ores 
ready  for  the  next  operation,  and  sifting  the  greillade  which  is  to 
be  sprinkled  on  the  sur&ce  of  the  fire. 

The  weight  of  the  lump  of  metal  thus  obtained  varies  fix)m  250 
to  400  pounds,  according  to  the  size  of  the  furnace,  and  the  nature 
of  the  ores  treated.  In  the  Pyrenees,  this  quantiiy  requires  the 
expenditure  of  three  times  its  weight  of  charcoal  in  its  production, 
but  in  the  Palatinate  the  amount  of  fiiel  consumed  is  frequently 
as  much  as  seven  times  greater  than  that  of  the  metal  produced. 

The  metal  obtained  by  this  method  consists  of  a  variable  nux- 
ture  of  iron  and  steel,  the  relative  proportions  of  which  are  easily 
r^^lated  by  the  way  in  which  the  furnace  is  worked ;  for  if  con- 
siderable inclination  is  given  to  the  tuyere,  and  the  siftings  are 
plentifully  thrown  on  the  fire,  the  product  is  chiefly  iron,  whilst 
if  the  nozzle  be  nearly  horizontal,  and  the  greillade  but  sparingly 
supplied,  a  large  product  of  steel  is  the  result. 

The  Catalan  method  of  iron  making  has  been  recently  intro- 
duced into  North  America,  and  is  extensively  employed  at  Mar- 
quette and  Caip  Eiver,  on  Lake  Superior.  In  the  arrangement 
there  employed,  the  hearths,  which  are  placed  in  long  ranges  on 
either  side  of  quadrangular  masses  of  brick-work,  are  supplied 
with  hot  air  through  water  tuyeres  of  the  ordinary  construction 
employed  in  the  English  refinery.  The  bottoms  of  the  hearths 
also  consist  of  hollow  cast  iron  plates,  through  which  a  cunent 
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of  cold  water  constantly  passes.  The  working  of  these  furnaces  is 
conducted  in  every  respect  like  that  of  the  ordinary  Catalan  forge. 
In  Corsica,  and  along  the  whole  of  the  Mediterranean  shore  of 
Italy,  a  furnace  very  similar  to  the  Catalan  is  employed  for  the 
direct  production  of  malleable  iron.  The  hearth  of  this  forge  con- 
sistB  of  a  sort  of  semicircular  basin,  excavated  on  the  top  of  a 
platform,  in  masonry,  elevated  about  3  feet  from  the  surface  of  the 
workshop,  in  which  it  is  placed.  This  raised  mass  of  stone-work 
Yaries  from  8  to  10  feet  in  length,  and  has  a  breadth  of  from  5  to 
6  feet.  The  hearth  itself  which  is  18  inches  in  diameter,  and  6 
inches  in  depth,  is  formed  in  brasque,  a  mixture  of  charcoal  dust 
and  day,  and  supplied  with  a  current  of  air,  by  a  nozzle  slightly 
inclined,  in  connection  with  a  water  blowing  machine  or  trompe. 
In  tills  arrangement,  although  the  operations  of  roasting,  reduc- 
tion and  fusion,  are  carried  on  in  the  same  furnace,  they  are 
nevertheless  divided  into  two  distinct  processes,  one  of  which  con- 
sists in  roasting  and  partially  reducing  the  ores,  and  in  the  second 
the  deoxidation  of  the  half  reduced  ore  is  not  only  continued,  but 
its  fdinon  and  agglutination  also  effected. 

To  arrange  the  furnace  in  order  to  accomplish  the  first  stage 
of  this  process,  a  small  quantity  of  charcoal  in  large  pieces  is 
arranged  around  the  tuyere;  this  is  again  surrounded  with  a 
circle  of  broken  and  calcined  ore  from  a  previous  operation,  and 
enclosed  in  another  circular  wall  of  ironstone  and  charcoal ;  on  the 
outside  of  this  enclosure  of  charcoal,  the  ore  to  be  roasted  is  piled 
in  large  lumps,  and  the  whole  afberwards  covered  with  a  thick  layer 
of  charcoal  dust.  The  lumps  of  unroasted  ore  of  which  the  outer 
circle  is  composed  are  so  arranged  that  the  larger  and  heavier 
masses  are  placed  at  the  bottom  of  the  heap,  and  firmly  imbedded 
in  the  brasque  of  the  hearth. 

The  smaller  pieces  are  piled  on  this  foundation,  and  slightly 
inclined  towards  the  crucible,  in  order  that  being  supported  by 
the  fuel  within  the  enclosure,  they  may  be  more  steady  and  less 
liable  to  &11.  The  fire  is  kindled  by  throwing  some  pieces  of 
ignited  charcofd  into  the  inner  circle,  immediately  before  the 
^yero ;  this  is  afterwards  covered  with  large  pieces  of  black  char- 
coal, and  the  blast  produced  from  a  water  blowing  machine  allowed 
to  play  into  the  hearth.  At  the  expiration  of  about  three  hours, 
the  processes  of  roasting  and  reduction  are  completed.  The  inner 
drcle  of  roasted  ore  has  now  softened  and  run  into  lumps,  whilst 
the  outside  wall  of  raw  mineral  is  calcined,  and  ceases  to  give  off 
either  watery  vapotxr  or  sulphurous  fumes. 

The  fire  is  then  extinguished,  and  after  diminishing  the  outer 
wall  of  calcined  ore,  and  removing  the  lump  of  reduced  metal, 
the  furnace  is  prepared  for  the  second  operation.    To  do  this,  the 
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hearth  is  entirely  cleared  out,  and  ooYored  with  a  thick  layer  of 
brasque ;  two  heaps  of  charcoal  dust  are  also  piled  on  either  side 
of  the  fbmace,  and  on  the  fiiel^  which  is  thrown  into  the  caTiiy 
between  them,  are  charged  several  pieces  of  the  reduced  metaJ 
obtained  from  the  first  operation.  The  blast  is  now  admitted, 
and,  by  the  reaction  of  the  siliceous  matters  present  on  the  unre- 
duced oxide  of  iron,  a  very  fusible  slag  is  produced,  which, 
together  with  the  metal  itself,  soon  becomes  liquid,  and  Mb 
through  the  ignited  coal  to  the  bottom  of  the  hearth,  where  it 
accumulates.  The  carbon  combined  with  the  metal  becomes 
oxidised  by  thus  passing  at  a  hiffh  temperature  before  the  blast 
of  the  trompe,  and  the  iron,  which  assumes  a  spongy  form  in  the 
lower  parts  of  the  crucible,  is  at  the  close  of  the  opeiatiGn  removed 
W  an  iron  hook  to  be  forged  into  bars  under  a  heavy  hammer. 
l?he  slag,  in  proportion  as  it  accumulates  in  the  bann,  is  kt  off 
by  the  chio  or  floss-hole,  whilst  the  furnace  is  constantly  supplied 
with  fresh  pieces  of  partially  reduced  metal. 

Each  limip  or  bloom  thus  manufactured  requires  three  and  a- 
half  hours  for  its  production,  and  weighs  about  4  cwts.  To  make 
this,  10  cwts.  of  ore  and  20  cwts.  of  charcoal  are  employed.  Instead 
of  burning  aU  charcoal,  a  mixture  of  that  fuel  with  dried  wood  is 
sometimes  used,  particularly  for  the  first  operation,  in  which  the 
roasting  and  partial  reduction  of  the  ore  is  effected.  The  iron 
prepared  in  this  way  is  of  excellent  quality,  being  soft  and  mal- 
leable ;  but  the  product  is,  in  comparison  to  the  quantity  of  ore 
and  fuel  employed,  extremely  small.  The  ore  which  in  Corsica 
is  thus  treated  is  a  specular  oxide  of  iron,  very  similar  to  that  s 
extensively  worked  in  the  island  of  Elba ;  but  although  it  in  reality 
contains  66  per  cent,  of  metal,  40  per  cent,  only  is  obtained  by 
the  Corsican  process. 

In  some  parts  of  the  Continent  an  apparatus  is  employed  whidi 
holds  a  middle  place  between  the  low  hearths  of  Catidonia  and 
Corsica  and  the  high  blast  frumaees  now  so  generally  adopted  for 
the  production  of  iron  from  its  ores.  These  furnaces,  called 
stOckofen  by  the  Germans,  and  by  the  French  foumeaux  a  pike, 
are,  in  fact,  small  cupolas,  of  which  the  height  does  not  ordinarily 
exceed  15  feet,  and  of  which  the  diameter  at  the  hearth  may  be 
about  3  feet.  This  furnace  is  usually  fiimished  with  but  one  arch, 
by  which  the  tuyere  is  introduced,  and  the  extraction  of  the  bloom 
effected.  The  blast  is  supplied  by  bellows  moved  by  a  water- 
wheel,  and  the  slag  escapes  by  a  small  floss-hole  made  at  a  orartam 
distance  above  the  bottom  of  the  crucible.  To  extract  the  sUki 
or  bloom  of  spongy  metal  formed  in  the  hearth,  the  bellows  must 
be  first  removed,  and  a  hole  made  in  the  masonry  of  the  furnace, 
which  b  afberwards  temporarily  closed  by  a  wall  of  bricks  and 
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potten'  day.     This  fbrnace,  when  filled  up  with  charooal,  is 
lighted  from  the  tuyere  hole,  and,  when  the  mass  has  been  pro- 
poly  ignited,  the  blast  is  admitted,  and  suooessive  charges  of 
roasted  minerals  and  fresh  charcoal  supplied  by  the  tunnel-hole. 
At  the  expiration  of  twenty-four  hours,  a  considerable  mass  of 
agglutinated  iron  is  found  to  have  accumulated  in  the  hearth,  the 
side  of  which  is  now  taken  down  and  the  mass  removed  by  strong 
iron  bars  to  a  heavy  hammer,  where  it  is  reduced  into  a  cake  of 
tiiree  or  four  inches  in  thidmess,  and  subsequently  divided  into 
two  equal  parts.    These  pieces  are  afterwards  refined  in  a  small 
UoomeEy  of  peculiar  form,  where  they  are  held,  by  powerM 
pnoerB,  exposed  to  the  action  of  a  current  of  fur  from  a  nearly 
horismtal  tuyere,  by  which  means  a  portion  of  the  metal  flows 
down  to  the  bottom  of  the  hearth,  where  it  accumulates  in  a 
spongy  mass,  and  is  drawn  out  into  bars  under  a  properly  con- 
itracted  hammer.    In  Camiola,  where  this  process  is  employed  in 
the  treatment  of  a  granular  oxide  of  iron,  the  mass  taken  from  the 
ionace  at  the  expiration  of  each  twenty-four  hours  amounts  to 
fium  18  to  20  cwts.    This  is  afterwards  subdivided  into  smaller 
pieces,  which  are  first  flattened  under  a  heavy  hammer,  and  then 
refined  by  being  exposed  to  the  action  of  a  current  of  air  which 
plajB  mto  a  bloomery,  the  bottom  of  which  is  made  of  brasque. 
I  From  the  great  quantities  of  charcoal  required  to  produce  a 
given  amount  of  malleable  iron,  these  methods  are,  however,  fiidling 
npidly  into  disuse,  as  it  is  found  much  more  economical  first  to 
obtain  the  metal  in  the  state  of  cast  iron,  and  subsequently  to 
Qxidiae  the  carbon  which  it  contains  by  exposure  to  oxidising 
inflnenees,  than  it  is  to  prepare  soft  iron  directly  from  the  ore. 
The  best  iron  manufiictured  is  obtained  from  funiaces  in  which 
cbarooal  is  the  only  fuel  employed,  since  the  impurities  which 
always  exist  in  every  variety  of  mineral  combustible  in  a  greater 
or  leas  degree  combine  with  the  metal  and  depreciate  its  qualily. 

For  the  manu£ftcture  of  Steel,  which  will  be  now  described,  iron 
of  the  best  quality  only  is  employed.  The  iron  most  approved  for 
this  purpose  is  obtained  from  Sweden,  and  marked  with  the  letter 
li  in  a  circle ;  hence  called  the  hoop  L.  The  other  varieties  of 
Swedish  iron,  although  superior  to  any  made  in  this  country, 
cicept  the  XJlverstone  charcoal  iron,  is  not  so  much  esteemed  as 
that  from  Dannemora  thus  marked ;  but  very  excellent  iron  of 
this  kind  is  manu&ctured  both  in  Bussia  and  at  Madras,  and  is 
largelv  imported  into  this  country,  where  it  is  extensively  con- 
verted into  steel. 
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MANUFACTURE  OP  STEEL. 

Steel  principaUy  diffen  from  wrought  iron  in  containing  a 
certain  amount  of  combined  carbon,  and  in  being  soacepiable  of 
havine  its  hardness  much  increased  by  being  first  strongly  heated 
and  then  suddenly  cooled  in  water.  Steel  is  also  much  more 
brittle  than  ordinary  iron,  but  less  so  than  crude  or  pig  iron, 
which,  besides  containing  a  larger  per-centage  of  carbon,  is 
moreover,  to  a  greater  or  less  degree,  combined  with  other  im- 
purities. 

This  substance  is  prepared  for  the  purposes  of  the  arts  by  two 
different  processes,  of  which  one  is  precisely  the  oonverse  of  the 
other,  as  steel  may  be  made  both  by  causing  bars  of  pure  mal- 
leable iron  to  absorb  a  proper  amount  of  carbon,  and  also  \sj 
effecting  the  partial  oxidation  of  that  which  exists  in  large  exoesB 
in  some  of  the  better  kinds  of  cast  iron.  In  this  country  the 
former  method  is  exclusively  adopted,  and  is  known  as  "tiie 
process  by  cementation.*' 

The  Annace  in  which  this  operation  is  carried  on  is  represented 
in  the  accompanying  woodcut,  fig.  144.  It  consists  of  an  oblong 
rectangular  building  divided  into  two  parts  by  a  long  and  narrow 
fire-place,  f,  which  passes  through  its  centre,  and  is  provided  with 
a  door  at  each  extremity,  by  which  the  ^1  is  supphed.  On  each 
side  of  this  is  a  chest  or  trough,  c,  made  either  of  fire-tile  or  fire- 
stone  grit,  and  so  supported  on  bricks  as  to  allow  of  the  heat  asd 
flame  of  the  fire  passing  beneath  the  trot^hs  through  the  openings, 
in  connection  with  the  chimnies,  o  o.  By  these  the  smoke  and 
heated  air  escape  from  beneath  the  dome,  ic,  which  is  thrown  over 
the  two  stone  cases,  and  the  fire-place  by  which  they  are  heated. 
In  the  brick-work  at  one  of  the  ends  of  these  troughs  openings  an 
lefb  for  the  purpose  of  introducing  the  wrought  iron  bars  into  the 
furnace ;  and  by  a  larger  aperture  between  the  two  troughs,  which 
is  bricked  up  during  the  working  of  the  apparatus,  the  workmen 
are  enabled  to  enter,  when  it  has  cooled,  either  to  charge  the  ban 
of  iron,  or  to  remove  the  steel  produced  by  their  cementation. 

The  whole  furnace  is  built  under  a  conical  hood,  v,  of  from  30 
to  40  feet  in  height,  which  serves  both  to  prevent  loss  of  heat  by 
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ndiatLon,  and  also  to  carry  off  the  smoke  and  gases  generated  bjr 
the  combustion  of  the  fuel  employed. 


14/k 

The  two  chests  vary  from  8  to  15  feet  in  lengtii,  and  from  2  feet 
2  inches  to  3  feet  in  width  and  depth ;  the  smaller  cases  are  found 
to  produce  steel  of  the  most  uniform  quality,  but  are  less  econo- 
nicaUy  woiked  than  those  of  larger  size. 

ThB  depth  of  the  fire-place  dq>ends  both  on  the  nature  of  the 
fod  employed,  and  also  on  the  dimensions  of  the  cases  to  be 
Itested:  the  space  between  these  is  usually  about  a  foot  in  width, 
hot  in  some  instances  one  chest  only  is  employed,  and  under 
these  circumstances  it  is  placed  immediately  over  the  grate  on 
which  the  fuel  is  consumed.  The  degree  of  heat  applied  is 
i^sgolated  by  opening  or  closing  the  openings  in  the  dome,  and 
limiting  the  amount  of  air  passmg  into  the  frumace  through  the 
grate. 

The  cement  is  composed  of  hard  charcoal  very  finely  powdered, 
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to  which  is  added  about  a  tenth  part  of  its  weight  of  ashes,  and  a 
little  common  salt.  The  exact  action  exercised  on  the  heated 
metal  by  the  two  latter  ingredients  is  not  clearly  understood, 
although  it  is  probable  that  the  presence  of  the  salt  may  tend  to 
vitrify  any  siliceous  particles  contained  in  the  charcoal,  and  pre- 
vent their  entering  into  combination  with  the  iron  under  proce^ 
of  carburisation. 

To  charge  the  troughs,  the  space  between  them  is  covered  over 
with  a  plate  of  sheet  iron,  and  on  this  the  workman  stands  whilst 
he  sifbs  a  layer  of  cement  evenly  over  the  bottom,  to  the  thickness 
of  about  an  inch.  This  is  firmly  pressed  down,  and  on  it  are 
regularly  arranged  the  bars  of  iron  which  are  to  be  converted  into 
steel.  These  are,  in  order  to  allow  for  their  expansion,  cut  r»th« 
shorter  than  the  trough  in  which  they  are  to  be  cemented,  and 
are  placed  on  their  thinnest  edge  with  a  space  of  about  half  an 
inch  between  each  bar.  The  same  space  is  likeiiiise  allowed 
between  the  lateral  bars  and  the  sides  of  the  case,  and  another 
layer  of  cement  is  now  sifted  in,  and,  after  being  equ^y  spread 
over  the  siurface  of  the  metal,  is  firmly  pressed  down,  so  that  it 
may  entirely  fill  up  the  interstices  left  between  the  bars,  which, 
if  this  were  not  scrupulously  attended  to,  would,  on  being  heated, 
become  welded  together  in  one  mass.  This  second  stratum  of 
cement  is  about  an  inch  in  thickness,  and  on  its  surface  is  arranged 
another  series  of  bars,  in  such  a  way  that  they  may  each  rest  on 
the  cement  filling  the  spaces  left  between  the  first  layer  in  the 
bottom  of  the  case.  This  is  continued  until  the  case  is  thus  filled 
to  within  three  inches  of  the  top,  when  the  remaining  space  is 
partially  closed  with  old  cement  powdered,  and  afterwards^  covered 
over  with  a  thick  layer  of  damp  siliceous  sand.  Sometimes,  in- 
stead of  using  sand,  the  upper  space  is  entirely  filled  with  old 
cement,  and  in  this  case  the  top  of  the  trough  is  closely  covered 
over  with  refi:actory  tiles,  and  the  joints  made  tight  by  the  appli- 
cation of  fire-clay.  Small  openings  are  also  left  in  the  cenize  of 
the  end  stones  of  the  cementing  troughs :  these  are  for  the  pur- 
pose of  firom  time  to  time  drawing  out  the  extremity  of  a  bar,  in 
order  to  examine  how  nearly  the  process  has  advanced  towards 
completion.  The  ends  of  these  bars  are  left  projecting  a  little 
beyond  the  cementing  vessel,  and  as  they  correspond  to  small  iron 
doors  filxed  in  the  outer  brick-work,  are  easily  seized  aud  drawn  out 
by  a  suitable  pair  of  tongs. 

When  the  furnace  has  been  charged,  and  the  iron  platform 
removed,  a  little  fire  is  thrown  on  the  grate,  and  the  heat  gra- 
dually and  carefiilly  increased  during  the  first  tweniy-four  hours. 
If  this  were  not  attended  to,  the  material  of  which  the  troughs 
are  composed  would  be  liable  to  split ;  and  for  this  reason  the  fire 
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is  carefully  conducted  for  a  considerable  time  after  it  has  been 
lighted.  On  the  second  day  the  full  heat  of  the  furnace,  which 
should  be  about  100*  of  Wedgewood's  pyrometer,  is  attained,  and 
this  is  regularly  kept  up  during  the  remainder  of  the  time  occu- 
pied by  the  process.  If  this  be  exceeded,  the  metal  operated  on 
will  be  liable  to  melt  into  one  mass ;  and,  if  not  kept  to  this  tem- 
perature, a  longer  time  will  be  required  to  effect  the  cementation.^ 
In  proportion  as  the  iron  absorbs  the  carbon  furnished  by  the 
cement  of  the  troughs,  the  greater  is  its  liability  to  melt ;  and, 
consequently,  the  metal  will  be  more  fusible  towards  the  close  of 
the  operation  than  at  its  commencement. 

When  the  cementation  has  attained  the  desired  point,  fuel  is 
no  longer  supplied  to  the  grate,  and  the  furnace  is  allowed  to  cool 
during  several  days  before  commencing  to  remove  the  charge. 
On  being  taken  out  of  the  cases,  the  cemented  bars  are  now 
found  covered  with  numerous  blisters,  caused  by  the  formation  of 
gaseous  products  within  the  substance  of  the  metal,  and  finom  this 
circumstance  the  substance  so  obtained  is  commonly  known  by 
the  name  of  blistered  steel. 

The  time  required  for  the  production  of  steel  of  moderate  hard- 
ness, such  as  that  called  shear  steel,  may  be  reckoned,  on  an 
average,  at  from  six  to  eight  days.  The  softer  kinds,  such  as 
those  employed  in  the  manufacture  of  saws  and  springs,  require 
»  proportionately  shorter  time  for  their  preparation ;  but  the  very 
hud  varieties,  of  which  chisels  and  other  cutting  tools  are  com- 
posed, must  be  exposed  to  the  carburising  influence  during  two 
or  three  additional  days.  A  furnace  of  this  kind  converts  at  one 
operation  from  eight  to  twelve  tons  of  bar  iron  into  blistered 
steel.  The  steel  thus  obtained  is  found  to  have  absorbed  about 
one-half  per  cent,  of  carbon ;  but,  besides  being  subject  to  numer- 
ous fissures  and  cavities  in  its  surface,  its  composition  is  far  from 
uniform,  and  it  consequently  requires  to  be  repeatedly  faggoted 
and  drawn  out  under  a  tilt  hammer  before  it  can  be  applied  to 
the  manu&cture  of  cutlery  and  other  objects  requiring  a  dense 
and  uniform  material.  The  tilt  hammer  employed  for  this  purpose 
weighs  from  150  to  200  pounds,  and  is  worked  by  a  water-wheel, 
on  the  axle  of  which  are  placed  cams,  which,  acting  on  the  tail  of 
the  hammer,  in  rapid  succession  raise  its  head,  and  then  allow  it 
to  &I1  heavily  on  the  metal,  which  rests  on  an  anvil  placed  imme- 
diately beneath  it,  and  nearly  on  a  level  with  the  floor  of  the 
workshop  in  which  the  tilting  is  carried  on.  The  workman  who 
holds  the  mass  under  the  hammer,  and  guides  it  so  as  to  be  drawn 
out  into  bars  of  the  proper  length  and  thickness,  is  seated  in  a 
cavity  sunk  for  that  purpose  below  the  level  of  the  floor,  on  a 
hoard  which  is  suspended  from  the  roof  of  the  building  by  long 
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iron  rods.  The  hanuner  employed  makes  from  200  to  300  blow» 
per  minute,  and  the  workman  who  is  thus  suspended  is  enaUed 
07  a  slight  impulse  of  his  feet  to  move  the  har  in  anj  positioii  he 
maj  require  with  the  greatest  possihle  ease.  Connected  with  each 
hammer  is  a  foive  hearth  for  heating  the  hars  of  steel :  this  is 
placed  on  a  raised  mass  of  masonry,  and  is  supplied  with  a  cur- 
rent of  air  hy  means  of  large  bellows  fixed  just  below  the  roof  q£ 
the  shop,  and  which  communicate  with  the  tuyere  by  a  copper 
pipe.  These  bellows  are  set  in  motion  by  a  snuJl  crank  attached 
to  the  shaft  of  the  water-wheel,  and  connected  with  the  lower 
board  by  a  stout  wire  acting  on  a  simple  lever. 

The  Jaegots  of  blistered  steel  aie  made  by  binding  in  a  bundle^ 
around  a Inr  of  double  that  length,  four  pieces  of  eighteen  inches 
long,  which  are  secured  in  their  positions  by  a  small  band<^wrouglit 
iron,  which  is  subsequently  removed.  These  £iiggots  are  placed  in 
the  forge  hearth  until  they  have  attained  a  strong  welding  heat, 
when  tney  are  qirinkled  with  siliceous  sand,  in  order  to  afford 
them  a  vitreous  covering  of  fusible  iron  sW,  and  placed  under 
the  hammer,  where  they  are  first  welded  together,  and  afterwards 
drawn  out  into  uniform  rods  of  the  size  best  adapted  to  the  pur- 
poses for  which  they  are  intoided  to  be  used.  The  metal  which 
has  been  thus  treated  is  found  to  have  become  much  denser  and 
more  homogeneous  in  its  structure  than  before  it  was  subjected 
to  the  hammer,  and  is,  consequently,  not  only  capable  of  receiving 
a  higher  polish,  but  has  also  acquired  during  the  operation  a  ochi- 
Biderable  amount  of  tenacity,  malleability,  and  ductility,  which 
much  enhances  its  value  for  the  manufacture  of  knives*  gprings» 
and  many  similar  objects.  The  name  of  shear  sted  has  been 
applied  to  this  commodity,  fiK>m  the  circumstance  that  the  shears 
for  dressing  woollen  cloths  are  commonly  made  from  metal  whidi 
has  been  thus  friggoted,  and  afterwards  drawn  into  bars.  £adi  of 
the  men  employed  at  the  tilt  hammer  is  assisted  by  two  bojs»  who 
take  fit>m  him  the  bars  which  have  been  drawn  out  on  the  anvils 
and  in  their  place  supply  him  with  hggaU  heated  to  the  welding 
point  in  the  foige  hearth.  When  the  bars  to  be  worked  are  sn^ 
the  heat  acquired  in  the  fire  soon  passes  oS,  and  the  metal  which, 
when  first  placed  under  the  hammer,  was  red  hot,  quickly  changes 
to  a  darker  hue.  By  the  rapid  action  of  the  hammer,  the  tempera- 
ture is,  however,  in  a  short  time  again  raised  sufficiently  to  cany 
on  the  forging  of  the  bar,  and  it  is  a  curious  sight  to  thus  see  a 
piece  of  metal  forged  by  the  heat  developed  by  the  intense  frictian 
and  attrition  set  up  between  its  own  atoms.  In  the  neighbour- 
hood of  Sheffield,  where  large  quantities  of  this  steel  are  prepaied 
for  the  manufacture  of  cutlery,  it  is  customary  for  the  consumer 
to  buy  the  blistered  steel  in  its  raw  state,  and  afterwards  send 
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it  to  the  tilt  nnll,  where  it  is  drawn  into  hars  previons  to  being 
worked  into  knives,  chisels,  scissors,  and  other  cutting  instra* 
ments.  The  loss  on  the  cmde  bars  during  this  operation  is  esti- 
mated at  from  5  to  8  per  cent. 

When,  instead  of  causing  pure  iron  to  combine  with  a  due 
-proportion  of  carbon,  steel  is  produced  by  the  partial  decarbuiis- 
stion  of  a  superior  kind  of  cast  iron,  the  resulting  product  is 
known  under  the  name  of  tutbwral  steei,  which  for  many  purposes 
18  preferred  to  that  obtained  by  the  process  of  cementation  as 
practised  in  this  country.  This  variety  is  largely  manufactured 
in  many  ports  of  Germany,  and  particularly  in  Styria  and  Silesia, 
where  only  the  purest  and  best  description  of  cast  iron  is  em- 
ployed in  its  preparation.  The  crude  iron  best  adapted  for  this 
purpose  is  that  obtained  from  spathose  ores  containing  a  certain 
porldon  of  manganese,  and  which  present,  when  broken,  a  shining 
tamelUir  fracture.  This  iron  is  produced  in  charcoal  furnaces,  and 
refined  in  a  small  bloomery,  similar  to  l&at  used  in  some  parts 
of  the  Continent,  for  the  production  of  wrought  iron  from  the 
crude  metal. 

After  having  filled  the  hearth  with  burning  charcoal,  six  or 
aeven  plates  of  lamellar  cast  iron  at^  successively  melted  before 
the  bhst  of  the  tuyere ;  these  plates  are  from  an  inch  to  an  inch 
and  a*half  in  thickness,  and  are  placed  perpendicularly  in  the 
lieorth.  At  the  commencement  of  the  operation,  a  certain 
quantity  of  rich  slag  and  iron  scale  struck  from  the  loupes  by  the 
large  hammer  b  added  to  the  charge,  which,  melting  on  the  sur- 
fiice  of  the  cast  iron  when  in  a  fluid  state,  assists  in  the  oxidation 
of  the  carbon  which  it  contains. 

When  the  first  plate  is  in  a  perfectly  liquified  state,  and  has 
collected  at  the  bottom  of  the  crucible,  it  is  at  first  nearly  fluid, 
but  being  there  subjected  to  the  oxidising  influences  of  the  rich 
dags  by  which  it  is  covered,  it  rapidly  loses  a  portion  of  its  com- 
bined carbon,  and  becomes  thickened  into  a  pasty  mass.  At  this 
point  another  plate  is  fused  by  being  brought  directly  before  the 
blaflt,  and  this  falling  in  drops  to  the  bottom  of  the  hearth,  again 
gives  fluidity  to  the  whole  mass  of  metal  there  accumulated. 
Under  the  united  influence  of  the  blast  and  the  oxidising  slags, 
thia  in  its  turn  loses  a  portion  of  its  carbon,  and  becomes  pasfy. 
A  third  plate  is  now  melted  in  the  same  way  as  the  two  former 
ones,  but  care  is  taken  that  the  falling  drops  of  liquid  metal  may 
be  received  on  the  centre  only  of  the  molten  mass  which  is  col- 
lected at  the  bottom  of  the  hearth.  The  middle  of  the  loupe 
only  ia  now  melted  by  the  fused  cast  iron,  and  this  is  surrounded 
by  an  annular  ring  of  spongy  metal  which  does  not  assume  the 
liquid  state.     This  operation  is  repeated  until  six  or  eight  plates 
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of  cast  iron  have  been  successivelj  melted,  at  the  expindion  naf 
which  time  from  300  lbs.  to  450  lbs.  of  spongy  iron  will  hare 
accumulated  at  the  bottom  of  the  furnace.  The  scorise  are  ^ 
this  point  of  the  operation  run  off,  and  the  loupe  is  raised  from 
amongst  the  fuel  by  which  it  is  covered,  and  divided  into  wedge- 
shaped  fragments  by  being  cut  according  to  a  series  of  lines  radi- 
ating from  its  centre  to  the  circumference.  By  operating  in  this 
way,  the  several  masses  of  crude  metal  will  be  found  to  have  a 
nearly  similar  composition,  but  as  the  cake  from  which  they  sare 
cut  is  itself  far  from  homogeneous,  the  different  parts  of  the  same 
fragment  seldom  exhibit  precisely  the  same  decree  of  carburisa- 
tion.  It  consequently  follows  that  these  lopins,  which  are  now 
drawn  into  bars,  will  yield  rods  very  differently  constituted  at 
different  points  of  their  length.  To  remedy  this  defect,  and  to 
give  at  the  same  time  greater  density  to  the  finished  steel,  the 
bars  of  rough  metal  are  now  handed  over  to  the  refiner,  who,  after 
having  heated  it  red  hot,  and  subsequently  cooled  it  by  plunging 
in  cold  water,  raises  each  bar  by  one  of  its  ends,  and  allows  it  to 
fall  heavily  on  an  anvil  placed  for  that  purpose  on  the  floor  of  the 
workshop.  By  this  treatment  the  most  brittle  part  of  the  bar  is 
immediately  detached,  and  on  striking  a  still  harder  blow  in  the 
same  way,  another  and  less  carburetted  fragment  becomes  brokea 
off,  whilst  the  larger  portion  which  remains  in  the  refiner's  hands 
merely  consists  of  a  peculiar  steely  iron,  which,  in  many  countries, 
is  much  used  for  forming  the  teeth  of  harrows,  plough-shares,  and 
other  agricultural  implements. 

The  parts  broken  off  by  concussion  are  assorted  aocording  to 
the  structure  of  the  fractured  ends,  and  are  subjected  to  a  a&nes 
of  manipulations  destined  to  commimicate  to  them  greater  dsDsitj 
and  uniformity  of  composition.  For  this  purpose  care  is  taken  to 
weld  together  a  piece  of  the  hardest  steel,  and  one  which  is  much 
less  carburetted ;  the  bar  thus  obtained  is  afberwards  heated,  and 
hardened  by  being  plunged  into  water,  and  this  is  again  broken 
as  before  described,  and  subsequently  united  into  one  bar,  and,  if 
necessary,  subjected  to  the  same  process  until  perfect  unifoimity 
of  structure  and  composition  has  been  obtained.  It  is  easily  per- 
ceived thai  by  this  treatment  the  desired  result  will  be  ultimately 
attained ;  but  this  is  produced  at  a  considerable  expense  of  labour 
and  fuel,  and  is  attended  with  the  loss  of  a  greater  or  less  portion 
of  the  crude  steel  employed.  If  this  mode  of  treatment  were 
carried  too  far,  it  is  also  evident  that  the  whole  of  the  combined 
carbon  would  be  gradually  removed,  and  the  steel  eventually  re- 
duced to  the  state  of  malleable  iron.  To  prevent  this,  the  surface 
of  the  fagoted  bars  is  slightly  covered  with  a  coating  of  fine  day, 
which,  umting  vrith  a  small  portion  of  oxide  of  iron,  gives  rise  to 
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the  fonnation  of  a  fusible  slag,  by  which  the  enclosed  metal  is  in 
a  great  measnre  protected  from  the  oxidising  influences  of  the 
blast.  The  steel  made  by  this  process  is,  when  carefiilly  prepared, 
of  excellent  quality,  and  is  for  many  piu^oses  preferred  to  that 
obtained  by  the  cementation  of  malleable  iron. 

The  preparation  of  steel  is  sometimes  ejected  directly  from  the 
ores  in  the  Catalan  frimace  before  described,  and  by  this  process 
the  whole  of  the  steel  employed  in  many  localities  is  exclusively 
manofactuied. 

To  prepare  steel  iron  by  the  Catalan  method,  the  founder 
greatly  diminishes  the  quantity  of  siftings  which  are  usually 
stiew^  on  the  fire  during  the  process  of  smelting,  and  takes  care 
to  nm  off  the  clinker  very  frequently  in  order  to  diminish  its 
decarburismg  influence  on  the  metal :  he  also  keeps  the  loupe, 
when  formed,  covered  over  with  lighted  charcoal,  which  prevents 
the  blast  from  playing  too  strongly  on  the  spongy  and  partially 
lefined  mass.  It  is,  moreover,  known  by  experience  at  what 
moment  the  operation  should  terminate,  and  the  loupe  \a  then  cut 
into  lopins,  and  drawn  out  into  bars,  which,  afber  being  hardened 
are  broken  on  an  anvil,  and  the  harder  portions  carefully  separated 
from  the  more  steely  iron,  which,  from  its  hardness,  is  for  many 
purposes  much  esteemed. 

Although  the  bars  of  steel  may  be  made  to  acquire  a  tolerably 
nnifonn  density  and  composition  by  repeated  workings  under  the 
hammer  in  the  way  already  described,  yet  this  method  of  obtain- 
ing the  result  is  both  tedious  and  expensive,  and  it  is,  moreover, 
foond  impossible  to  produce  steel  having  a  perfectly  homogeneous 
structure  without  subjecting  it  to  fusion,  at  a  very  elevated  tem- 
perature, in  an  arrangement  properly  constructed  for  that  purpose. 
The  steel  which  is  te  be  fused,  and  thus  converted  into  cast  steel, 
is  placed  in  a  crucible  made  of  refractory  clay,  which  is  afberwards 
strongly  heated  in  an  ordinary  wind  furnace  in  connection  with  a 
M  chimney,  by  which  a  strong  natural  draught  is  obtained.  This 
fiimace  consists  of  a  square  prismatic  cavity,  of  about  one  foot  on 
each  side,  lined  with  good  fire-bricks,  and  having  sL  depth  of  about 
two  feet  from  the  surSice  of  the  platform  to  the  fire-bars,  by  which 
the  fuel  is  supported. 

Immediately  under  the  cover  is  a  flue,  about  four  inches  by  six, 
for  conducting  the  smoke  and  gases  into  the  chimney :  this  admits 
d  being  closed  by  an  iron  damper,  by  which  the  draught  may  be 
other  regulated,  or,  if  necessary,  entirely  shut  off.  In  most 
mstances  several  of  these  furnaces  are  arranged  around  the  walls 
of  the  foundry  at  a  height  of  a  few  inches  only  above  the  level  of 
the  floor,  and  are  so  constructed  that  the  ash-pits,  which  are 
beneath  the  floor,  are  in  conmiunication  with  a  gallery  sunk 
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below  the  labotatoiy,  and  ooTered  over  with  an  iron  gnisng, 
which  at  the  same  time  secures  a  firm  footing  for  the  warioDanL 
and  allows  a  free  passage  for  the  air  necessaiy  to  the  efficieiit 
and  rapid  combustion  of  the  Aiel.  The  cnieiU^,  which  for  this 
purpose  are  made  of  a  venr  refractory  Tnatenal,  are  placed  in  the 
rarnace  on  a  sole-piece  of  fire-oky,  and  are  filled  with  pieoet  <^ 
blistered  steel  broken  into  small  fri^^ments,  and  sometimes  pio»- 
tected  &om  oxidation  by  the  additi<m  of  a  small  quantity  either 
of  bottle-glass  or  furnace  slag. 

The  cluiri^  of  each  crucibre  is  about  80  lbs.,  and  the  friel  an- 
ployed  for  its  fusion  is  hard  sonorous  coke  broken  into  pieces 
of  the  size  of  egss.  At  the  expiration  of  firom  three  to  lour 
hours,  the  operati<m  is  completed,  and  the  crucible  being  now 
withdrawn  £Knn  the  fire  by  tongs  having  strong  concaTe  jswsi, 
the  8cori»  on  the  surface  are  carefully  removed,  and  the  nulted 
metal  poured  into  rectangular,  or  eight-sided  moulds  of  cast  iron. 

The  steel  thus  obtained  is  much  denser  and  harder  under  tbe 
hammer  than  that  made  by  tilting  the  ordinarr  blistered  bars  into 
shear  steel ;  it  is  also  necessary  to  take  considerable  precautions 
in  forging  this  material,  as  at  a  temperature  a  little  above  a  dierrv*' 
red  heat  it  becomes  so  extremely  brittle  as  to  break  when  stnicL 
Cast  steel  may,  however,  be  welded  by  the  intetpomtion  of  a  tidn 
film  of  borax  between  the  surfiKxs  to  be  united,  and  it  may  be 
readily  and  firmly  attached  to  iron  by  placing  a  bar  of  that  metal 
having  one  well-polished  surface  in  the  mould  into  whidi  the 
liquid  metal  is  poured.  By  this  treatment  the  steel  becomes  per- 
fectly united  to  the  polished  surface  of  the  iron  bar,  and  is  so  firmly 
attached  as  to  admit  of  both  being  rolled  out  together  into  rods 
of  any  given  dimensions.  The  two  metals,  when  thus  united,  an 
frequently  employed  for  the  manufacture  of  chisels,  plane^rons, 
and  other  cutting  instruments,  in  which  the  cutting  edse  being  of 
steel,  and  the  opposite  side  of  iron,  the  hardness  of  %ke  one  and 
the  toughness  of  the  other  are  successfiilly  combined. 

A  variety  of  cast  steel  known  by  the  name  of  Wootz,  or  Indian 
steel,  is  prepared  by  the  natives  of  that  country  by  the  treatment 
of  a  very  pure  ore  consisting  almost  entirely  of  magnetic  oxide 
of  iren. 

This  ore,  when  extracted  from  the  mine,  is  contaminated  with  a 
certain  quantity  of  siliceous  and  earthy  nutters,  firom  which  it  is 
separated  by  a  pmsess  of  winnowing  principally  earned  on  by 
women,  who  are  extremely  dexterous  in  this  vt.  The  furnace  in 
which  these  ores  are  melted  is  entirely  composed  of  refractory 
day,  and  is  from  four  to  five  feet  in  height.  Its  shape  is  that  of  a 
truncated  cone,  its  internal  diameter  at  the  bottom  being  about 
two  feet,  whilst  the  upper  extremily,  or  tunnel-hole,  is  not  above 
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one  foot  across.  A  furnace  of  this  kind  requires  but  a  few  boura 
for  its  erection,  and  is  usually  sufficiently  dry  on  the  following 
day  to  admit  of  being  at  once  set  in  active  operation.  It  is  now 
filled  with  obarcoal,  which  is  ignited  by  the  tuyere-hole  near  the 
bottcHD,  and  a  current  of  air  is  suppHed  by  a  pair  of  sheep-skin 
bellows,  of  which  the  bamboo  nozzles  are  united  in  a  tube  roughly 
made  of  fire-clay. 

When  the  combustion  going  on  within  the  furnace  is  considered 
sufficiently  active,  a  portion  of  the  ore,  slightly  moistened  with 
water,  is  added  on  the  top  of  the  fuel,  and  another  layer  of  char- 
coal again  spread  on  its  surface. 

The  q>eration  is  carried  on  in  this  way  with  successive  charges 
of  ore  and  charcoal  during  three  or  four  consecutive  hours  ;  at 
the  end  of  that  time  the  blast  is  stopped,  and,  after  opening  the 
fivmt  of  the  furnace  by  destroying  a  portion  of  the  day  wall,  the 
Uoom  is  removed  by  a  pair  of  heavy  iron  tongs.  The  mass  is 
snbsequentiy  beaten  with  heavy  wooden  mallets  to  express  as 
mndi  as  possible  of  the  slag,  and  after  being  cut  into  two  parts 
to  expose  the  nature  of  the  metal,  is  sold  to  the  native  smiths, 
who  make  it  into  bar-iron. 

To  convert  this  iron  into  steel,  the  natives  heat  it  in  crucibles 
made  of  refractory  day  mixed  with  a  large  quantity  of  rice-husk, 
and  in  these  is  placed,  together  with  the  metal  to  be  converted,  a 
certain  portion  of  findy-chopped  wood,  for  which  purpose  the 
Casm  amicidata  is  commonly  preferred.  The  quantity  of  iron 
put  into  each  crudbie  does  not  usually  exceed  a  pound  in  weight, 
ud,  after  covering  the  pots  with  one  or  two  green  leaves  of  the 
CoKochmhis  laurtfoUus,  they  are  firmly  dosed  with  a  little  wetted 
eby,  and  placed  in  the  sun  to  dry. 

When  the  clay  plugs  have  become  suffidentiy  hardened,  from 
20  to  24  of  these  crudbles  are  built  in  an  arched  form  on  the 
bottom  of  a  small  blast-fiimace,  and  strongly  heated  during  from 
two  to  three  hours  with  a  blast  produced  as  before  described.  At 
tiie  expiration  of  this  time,  the  conversion  is  considered  to  be  com- 
I^etely  effected ;  the  furnace  is  then  allowed  to  cool,  and  the 
enidbles  are  removed  and  severally  broken,  when  the  steel  is 
feond  in  the  form  of  a  rounded  button  occupying  the  bottom  of 
neh  pot.  The  metal  thus  prepared  is,  for  the  purposes  of  the 
&^  kinds  of  cutlery,  preferred  to  the  best  specimens  of  English 
cast  fted  manu&ctured  firom  selected  Swedish  bar-iron. 

If  a  bar  of  steel  be  first  strongly  heated,  and  then  allowed  to 
'«xd  very  gTadnally,lt  h&oasnsA  a£nost  as  soft  as  ordinary  iron, 
md  in  this  state  admits  of  being  filed,  cut,  or  turned  with  the 
\  fadlHy.    But  ii^  after  being  thus  made  red  hot,  it  be  sud- 
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denly  cooled  by  being  plunged  into  water,  or  anv  other  liquid,  it 
becomes  extremely  hard  and  brittle,  and  is  then  said  to  be 
hardened.  Steel  thus  treated  is  found  to  possess  a  lower  specific 
gravity  than  before  being  hardened,  but,  on  beiii^  again  heated, 
and  allowed  to  cool  down  gradually,  its  origiiuLl  sol^ess  aad 
malleability  are  restored. 

In  manufecturing  objects  of  steel,  the  metal  is  worked  into  the 
required  form  when  in  a  soft  state,  and  is  subsequently  hardcaiei 
by  being  strongly  heated,  and  suddenly  cooled  by  immersion  in 
cold  water. 

In  doing  this,  however,  it  is  found  difficult  to  arrive  at  ihe 
exact  degree  of  hardness  best  fitted  for  the  purpose  to  which  the 
instrument  is  to  be  applied,  and  it  is  therefore  customary,  in  sudi 
cases,  to  give  to  the  metal  in  the  first  instance  a  considerable 
degree  of  hardness,  and  afterwards  render  it  more  elastic  and 
coherent  by  an  operation  called  tempering,  or  annealing,  in 
which  the  workman  is  entirely  guided  by  the  various  coloun 
assumed  by  the  sm-face  of  the  metal  during  the  progress  of  the 
operation.  These  tints,  some  of  which  are  extremely  brilliant, 
are  occasioned  by  very  thin  films  of  oxide  corresponding  with 
considerable  exactitude  to  the  degree  of  heat  to  wluch  the  metal 
is  exposed,  and  consequently  serve  as  a  tolerably  accurate  guide 
in  determining  the  state  of  hardness  to  which  the  object  has 
been  reduced. 

The  following  colours  will  appear  in  succession  on  the  snr&ce 
of  a  plate  of  hs^ened  and  i)olished  steel  when  exposed  to  a  pro- 
gressive heat.  A  piece  of  polished  and  hardened  steel,  subse- 
quently heated  to  430°  Fahr.,  has  a  faint  yellow  colour,  and  is  wdl 
suited  for  lancets  and  other  instruments  requiring  an  extremely 
fine  edge.  When  tempered  at  450*,  a  faint  straw  colour  tint  is 
obtained,  which  is  well  adapted  for  razors  and  surgeons'  ampu- 
tating knives.  Steel  seasoned  at  470*  is  of  a  foil  yellow  colour ; 
this  is  tougher  than  the  above,  and  is  the  tint  to  which  pen-knives 
are  usually  tempered.  At  490*  it  acquires  a  brownish-yellow  tint, 
which  is  the  colour  best  fitted  for  cold  chisels  and  shears  for 
cutting  metals. 

Axes  and  plane-irons  are  tempered  at  about  610*  Fahr.,  which 
developes  a  brown  shade  intermixed  with  purple  spots.  For 
table-knives  and  cloth  shears,  a  temperature  of  530*  is  employed, 
which  gives  a  purple  colour  to  the  metal  so  treated.  For  swords 
and  watch-springs  the  metal  is  allowed  to  cool  when  of  a  bright 
blue  colour :  this  tint  very  nearly  corresponds  with  a  temperature 
of  550*  Fahr. 

When  heated  to  560*,  steel  assumes  a  fine  blue  colour,  and  is 
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«t  this  «tage  well  adapted  for  small  shears  and  ordmarj  chisels. 
At  600^  it  takes  a  dark  blue  colour,  which  is  that  best  fitted  for 
large  saws,  the  teeth  of  which  require  to  be  bent  by  a  hammer. 

If,  when  the  plate  has  assumed  any  one  of  these  colours,  it  be 
allowed  to  cool,  it  will  be  found  to  still  retain  that  tint,  which 
will,  at  the  same  time,  correspond  to  the  degree  of  hardness  im- 
parted to  the  instrument  thus  tempered. 

In  order  to  reduce  the  hardness  of  steel  which  has  been  too 
highly  carburised,  or  remove  the  excess  of  carbon  imited  with  the 
exterior  portion  of  a  bar  of  that  metal,  and  consequently  render 
its  composition  more  nearly  identical  throughout  its  whole  sub- 
stance, it  is  merely  necessary  to  expose  it  for  a  certain  period  to 
a  cementing  heat  when  imbedded  in  finely -powdered  oxide  of  iron, 
or  oxide  of  manganese.  In  this  wa^  the  oxygen  of  the  oxide 
gradually  consumes  the  excess  of  carbon  present,  and  if  allowed  to 
remain  exposed  to  this  action  for  a  sufficient  length  of  time,  the 
steel  first  becomes  externally  converted  into  soft  iron,  and  subse- 
quently loses  all  its  steely  properties.  A  method  of  treatment 
aaalogous  to  this  is  sometimes  employed  for  the  decarburisation 
of  ordinary  cast  iron,  which,  from  the  facility  with  which  it  may 
be  cast  into  any  desired  form,  possesses  certain  advantages  over 
malleable  or  wrought  iron,  which  can,  by  forging  alone,  be  worked 
into  shape.  Stirrups,  bits,  bucklcb,  and  other  objects,  are,  there- 
fore, after  being  made  of  cast  iron,  occasionally  transformed  into 
malleable  metal  by  a  process  of  decarburisation  analogous  to  that 
above  described. 

Steel,  on  being  moistened  with  a  drop  of  dilute  nitric  acid, 
yields  a  dark  grey  spot,  whilst  that  obtained  on  malleable  iron 
when  80  treated  is  of  a  green  colour ;  and  this  test  consequently 
affords  a  ready  means  of  distinguishing  between  the  two  forms  of 
this  metal. 

The  cementation  of  steel  may  also  be  effected  by  exposing  the 
metal  at  a  proper  temperature  to  the  action  of  carburetted  hyd- 
rogen gas,  and  on  this  principle  a  patent  was  some  time  since 
obtained ;  but  although  the  steel  thus  produced  is  of  excellent 
quality,  the  process  nevertheless  does  not  appear  to  be  capable  of 
economical  application,  and  has  consequently  fallen  into  disuse. 

The  experiments  of  Stodart  and  Faraday  have  shown  that  when 
steel  is  fbsed  with  either  platinum,  silver,  rhodium,  or  iridium,  its 
bardneas  becomes  much  increased  by  the  addition  of  but  very 
small  quantities  of  these  metals  ;  but  such  alloys  have  never  been 
applied  to  the  manufacture  of  ordinary  cutlery,  and  are,  conse- 
quently, rather  matter  of  scientific  interest  than  of  commercial 
unportance. 
Keys  and  other  objects,  such  as  the  locks  of  guns  and  various 
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small  tools  liable  to  become  worn  by  Mction,  are  sometimes  ex- 
ternally converted  into  steel  by  a  process  of  cementation  ^rbid  is 
arrested  when  the  operation  is  supposed  to  be  sufficiently  ad- 
vanced. Such  articles  are  said  to  be  case-hardenedj  and  are  still 
internally  composed  of  malleable  iron. 

The  damaslnng  of  steel,  by  which  its  surface  is  covered  by  a 
variety  of  figures  resembling  the  water  lines  on  some  kinds  of 
silks,  is  produced  by  repeatedly  drawing  out  and  subsequentiy 
doubling  up  and  welding  tc^ther  a  bar  composed  of  a  mixtore  of 
steel  and  iron.  When  an  mstrument,  such  as  a  bayonet  or  gon 
barrel,  made  of  this  metal,  is  washed  with  a  weak  acid  solution,  its 
surface  becomes  in  a  greater  or  less  degree  unequally  attacked, 
and  this  gives  rise  to  peculiar  wavy  figures,  which  may  be  ob- 
served on  the  once  celebrated  sword-blades  of  Damascus. 

AMdfiia  me  fliMl  ■■«  CmM  ivMk — ^Both  steel  and  cftst  iron 
essentially  consist  of  variable  compounds  of  iron  and  carbon  ;  hot 
they  also  contain  a  certain  amount  of  other  substances,  sueb  as 
silicum,  sulphur,  phosphorus,  and  manganese,  and  I  shall  now 
briefly  describe  one  of  the  more  efficient  methods  by  which  these 
bodies  may  be  successively  separated  from  each  other,  and  sobse- 
quently  estimated. 

The  carbon  contained  in  ordinary  cast  iron  may  eitiier  exist  in 
the  form  of  fi*ee  disseminated  carbon,  or  in  a  s&te  of  chemical 
combination  with  the  iron  itself.  It  is  therefore  necessary,  in  all 
analyses  of  these  substances,  to  be  enabled  to  distinguish  between 
the  amount  of  carbon  so  combined,  and  that  which  is  only  disse- 
minated in  a  plumbaginous  form.  The  quality  of  pig  iron  is  also 
materially  affected  by  the  presence  of  even  minute  qtuintities  of 
either  sulphur  or  phosphorus,  and  it  is  consequently  necessary  to 
be  enabled  to  detect  and  estimate  these  bodies  with  a  considei^able 
degree  of  accuracy.  In  this,  as  in  most  other  analytical  opera- 
tions, it  is  first  necessary  to  reduce  the  substance  to  be  examined 
to  the  state  of  a  very  finely  divided  powder,  in  order  that  the 
various  reagents,  to  the  action  of  which  it  is  to  be  subjected,  may 
the  more  readily  be  enabled  to  produce  the  required  modifications. 

If  grey  pig  iron  of  good  quality  is  to  be  examined,  it  will  be 
found  to  yield  readily  to  the  action  of  a  new  and  weU-tempeaed 
file,  and  the  detached  particles  may  be  afterwards  passed  through 
a  sieve  of  fine  gauze,  m  order  to  separate  the  coarser  fragments. 
When  white  cast  iron  is  to  be  analysed,  it  will,  firom  its  extreme 
hardness,  be  fotmd  impossible  to  reduce  it  to  powder  by  this  means, 
as  it  not  only  almost  entirely  resists  the  action  of  the  file,  but  the 
filings  so  obtained  would  to  a  considerable  extent  be  contaminated 
by  the  particles  rubbed  off  from  the  file  itself.  In  this  case  the 
best  method  of  reducing  the  metal  to  the  required  state  of  minute 
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ttvinon,  is  to  subject  it  to  the  repeated  blows  of  a  mallet  or  bea^y 
taniTner  wben  placed  in  a  cast-steel  mortar  of  tbe  kind  employ^ 
for  cruslung  some  of  tbe  barder  description  of  minerals,  and  after- 
wards passing  tbe  pomided  metal  tbrougb  a  gauze  sieve  to  separate 
ti&oae  particles  wbicb  bave  not  been  sufficiently  reduced  in  size. 
The  powder  obtained  in  tbis  way  mi^  be  analysed  by  several 
different  methods,  all  of  wbicb  are  capable  of  yielding  results  of 
oonaiderable  accuracy ;  but  none  of  these  will  be  either  more  ac- 
Gorste  or  more  readily  performed  than  the  following : — 

The  pulverised  iron  to  be  examined  is  divided  into  three  distinct 
portioiis.  In  the  fbst,  is  determined  the  total  quantity  of  carbon 
present  in  the  iron.  In  the  second,  the  sulphur  and  phosphorus 
are  estimated.  And  in  the  third,  are.  determined  the  whole  of  its 
other  constituents,  with  tbe  exception  of  that  portion  of  its  carbon 
which  exists  in  a  chemically  combined  state. 

»ft*gMi—ii»M  •£  Cwribwk — For  this  purpose  from  30  to  40 
grains  of  the  finely  divided  iron  should  be  rubbed  for  a  consider- 
able time  in  an  agate  mortar,  along  with  about  its  own  weight  of 
hard  white  sand,  which  has  been  previously  mixed  with  a  little 
oxide  of  copper,  and  ignited  to  destroy  any  adhering  traces  of 
organic  matter.  When  an  almost  imfmlpable  powder  has  been 
thus  obtained  (care  being  taken  to  prevent  any  loss  by  placing  a 
sheet  of  highly  glazed  paper  beneath  tbe  mortar),  it  is  mixed 
with  from  six  to  eight  times  its  weight  of  fr^ed  chromate  of  lead, 
and  introduced  with  the  usual  precautions  into  a  combustion  tube, 
at  the  extreme  point  of  which  are  placed  a  few  grains  of  perfectly 
dry  chlorate  of  potash.  The  combustion  is  now  to  be  conducted 
in  the  ordinary  way,  and  tbe  carbonic  acid  produced,  after  passing 
through  a  chloride  of  calcium  tube,  is  collected  and  weighed  in  a 
Liebo^'s  apparatus,  containing  a  solution  of  caustic  potash  of  the 
specinc  gravity  of  1*28.  Nitrogen  has  hitherto  never  been  found 
in  any  of  the  varieties  of  cast  iron,  but  may  be  sought  for,  and  if 
pcesent,  estimated  by  mixing  the  powdered  metal  with  soda-lime, 
and  recovering  the  products  of  combustion  in  a  dilute  solution  of 
b^diochloric  acid  contained  in  a  Will  and  Yarrentrapp  apparatus. 
The  amount  of  chloride  of  ammonium  found,  if  mitogen  be  pre- 
sent, will  be  estimated  in  tbe  usual  way,  and  from  it  the  per- 
centage of  nitrogen  present  is  readily  deduced. 

Pti^iMiMttoM  •£  8«iipiMr  mmtH  PhMpiMras. — ^The  iron  reduced 
to  fraginents  is  treated  witii  fruning  nitric  acid,  and  gently  warmed, 
when  it  becomes  rapidly  attacked,  with  the  evolution  of  copious 
fames  of  nitrous  acid,  which  will  not,  however,  contain  any  tiuces 
of  sulphuretted  hydr<^en  gas.  The  solution  is  now  evaporated  to 
dryness,  and  the  dry  mass  subsequentiv  treated  with  very  dilute 
hydrochloric  acid.   To  a  Uttie  of  the  filtered  solution  a  few  drops 
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of  chloride  of  bftrium  are  added ;  and  if,  after  standing  for  sevefal 
hours,  any  precipitate  or  cloudiness  appears,  the  whole   of  the 
filtrate  is  treated  in  the  same  manner,  and  the  sulphate  of  baryta 
deposited,  after  heing  collected  in  a  filter,  washed,  dried,  and  cal- 
cined, afibrds  the  data  from  which  the  per-centage  amount  of 
sulphur  contained  in  the  metal  may  he  readilj  calculated.     Tlie 
excess  of  haryta  is  subsequently  removed  from  the  solution  bv  the 
addition  of  a  sufficient  quantity  of  sulphuric  acid,  and  tartrate  of 
ammonia  is  then  added  to  the  amount  necessary  to  prevent  the 
precipitation  of  the  iron  by  ammonia,  which  is  at  this  stage  of  the 
operation  to  be  added  in  considerable  excess,  and  a  current  of  sul- 
phuretted hydrogen  passed  through  the  solution  during  several 
hours.   The  Hquor  is  now  allowed  to  remain  in  a  warm  place  untQ 
it  assimies  a  clear  light-yellow  colour,  when  it  is  quickly  filtered, 
and  the  precipitate  washed  with  distilled  water  containing  a  little 
sulphide  of  ammonium.     The  filtrate  is  at  this  point  to  be  ev^ 
porated  to  dryness,  the  anrntioniacal  salt  driven  off  by  ignition,  and 
the  residue,  consisting  of  phosphoric  acid,  together  with  minute 
portions  of  Hme,  alumina,  and  the  alkalies,  is  fiised  in  a  platinum 
crucible  with  a  small  quantity  of  the  mixed  carbonates  of  potash 
and  soda.    The  fused  mass  is  then  dissolved  in  hydrochloric  acid, 
and  the  phosphoric  acid  determined  in  the  usual  way  as  ammonio- 
phosphate  of  magnesia.    Instead  of  operating  in  the  manner  above 
described  for  the  estimation  of  the  sulphur,  this  body  may  be 
detected,  and  its  weight  determined,  by  slowly  dissolving  the  iron 
in  weak  hydrochloric  acid,  and  allovong  the  hydrogen  gas  which 
is  then  evolved  to  pass  through  a  somewhat  acid  solution  of  ace- 
tate of  lead.     Should  any  sulphur  be  present  in  the  metal,  it  will 
by  this  treatment  be  converted  into  hydrosulphuric  acid,  which, 
combining  with  the  metal  of  the  lead  solution,  forms  a  sulphide 
fix)m  the  weight  of  which  the  per-centage  of  sidphur  present  may 
be  deduced.     In  this  experiment  the  metal  should  be  acted  on 
with  extreme  slowness ;  from  ten  to  fifteen  days  being  required  to 
dissolve  the  necessary  quantity  of  cast  iron,  from  eight  to  ten 
days  for  steel,  and  about  four  days  for  common  wrought  iron. 
This  process,  though  much  more  tedious  and  not  more  accurate 
than  that  above  given,  may  in  some  instances  be  advantageously 
employed  for  the  purpose  of  checking  the  results  obtained  from 
the  attack  by  nitric  acid  and  the  subsequent  precipitation  of  the 
sulphur  in  the  form  of  sulphate  of  baryta. 

BttMMtt—  mt  tkc  ITBMBiblBed  CarbMi,  SEctatet  Silica,  llamj  Jpe. 

— Another  portion  of  the  pulverised  metal  which  should  also  weigh 
firom  30  te  40  grains,  is  now  placed  in  a  small  glass  fiask,  and 
treated  with  dUute  hydrochloric  add,  which,  on  being  gently 
warmed,  will  in  the  course  of  a  few  hours  dissolve  the  iron,  leaving 
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black  flakes  and  particles  of  a  dark  colour  floating  in  the  liquid. 
These  are  collected  on  a  filter,  dried  at  212*^,  and  of  which  the 
wei^t  has  been  noted,  and  after  well  washing  and  subsequently 
diybag  the  precipitate,  the  increase  of  weight  will  represent  the 
amount  of  uncombined  carbon,  together  with  very  minute  traces 
of  the  silicates  of  the  oxides  of  iron  and  hme.   The  sihca,  iron,  &c. , 
of  this  mixtmre  are  determined  by  fusing  it  with  nitrate  of  potash, 
mixed  with  twice  its  weight  of  pure  carbonate  of  soda ;  and  on  the 
separation  of  the  iron,  lime,  and  other  earthy  matters,  the  amount 
of  carbon  will  correspond  to  the  loss  of  weight  experienced.     To 
check  these  results,  however,  the  flocculent  residue  may  be  collected 
by  filtration  through  a  piece  of  asbestos  placed  in  the  throat  of  a 
fonnel,  which,  after  being  dried,  may  be  acted  on  by  chromate  of 
lead  or  oxide  of  copper,  according  to  the  method  usually  employed 
for  organic  analysis.     If  the  experiment  be  carefully  conducted, 
the  results  obtained  by  these  two  methods  will  be  found  to  agree 
very  closely.   The  iron  obtained  in  this  way  is  added  to  the  filtrate 
from  the  first  solution,  and  the  carbon  foimd  in  the  deposit  (which 
may  for  the  sake  of  distinction  be  designated  b),  on  being  de- 
ducted from  the  total  quantity  present,  as  found  by  the  combustion 
above  described,  will  give  the  quantity  of  combined  carbon,  which 
may  be  called  a.     The  fiiltered  Hquid  and  washings  are  now  eva- 
porated to  dryness,  and  again  treated  with  dilute  acid,  by  which 
a  minute  portion  of  silica  is  left  undissolved ;  this,  after  being 
collected  on  a  filter,  is  added  to  that  already  found  in  the  black 
deposit,  and  the  two  are  estimated  together.   A  small  quantity  of 
the  solution  shoidd  at  this  stage  of  the  analysis  be  treated  with 
adphuretted  hydrogen  gas ;  and  if  a  dark-coloured  precipitate  be 
obtained,  the  whole  of  the  filtrate  should  be  acted  on  in  the  same 
way.  When  a  dark  deposit  is  thus  obtained,  it  must  be  separated 
by  filtration,  and  the  metals  which  it  contauis  determined  by  the 
ordmaiy  course.     If,  however,  as  is  generally  the  case,  the  small 
quantity  of  liquor  thus  treated  gives  no  other  than  a  milk-white 
piecipitaie  of  sulphur,  it  is,  after  being  carefully  freed  from  the 
prpdpitate  by  filtration,  returned  to  the  main  solution.    Nitric 
3cid  is  now  added  to  the  filtrate,  which  is  boiled  imtil  the  whole  of 
the  ux)n  is  peroxidised ;  ammonia  is  added  gradually  imtil  the 
Bohitaon  only  fiuntly  reddens  litmus,  and  the  greater  portion  of  the 
mm  is  thereby  precipitated  in  the  form  of  peroxide.     The  last 
tnues  of  this  metal  are  separated  by  the  addition  of  a  Uttle  neutral 
benzoate  of  ammonia,  and  from  the  weight  of  peroxide  of  iron 
fimnd  the  amount  of  the  metal  originally  present  is  deduced.  After 
the  weight  of  the  oxide  of  iron  has  been  obtained,  a  portion  of  it 
^  be  tested  for  minute  traces  of  chromium  and  alumina,  by  dis- 
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Bolving  it  in  hydrochloric  acid,  and  predpitaiing  with  osostic  pot- 
ash in  excess.  The  quantities  of  these  substances  are  commonhr 
extremely  minute ;  and  if  an  excess  of  ammonia  has  not  be^ 
added  before  treating  with  the  benzoate  of  that  alkali,  the  iron 
precipitate  will  not  contain  any  traces  of  the  oxide  of  manganese. 
Before  proceeding  to  separate  the  manganese,  the  solution  and 
washings  are  to  be  evaporated  to  dryness,  and  the  salts  of  ammonia 
driven  off  by  ignition  to  redness.  After  being  thus  treated  the 
deposit  has  always  a  brown  colour,  from  the  presence  of  the  per- 
oxide of  manganese,  and  it  must  now  be  dissolved  in  a  few  drops 
of  hydrochloric  acid,  and  after  the  addition  of  a  litUe  ammonia^ 
and  afterwards  sulphide  of  ammonium,  it  is  allowed  to  stand  for 
several  hours,  and  is  then  gently  warmed.  The  sulphide  of  man- 
ganese thus  deposited  is  collected  in  a  filter,  and  may  other  be 
converted  into  sulphate  of  manganese,  or  dissolved  in  hydrochloiic 
acid,  and  subsequently  deposited  in  the  form  of  carlxmate,  and 
weighed  as  the  red  oxide  of  that  metal.  The  solution  from  which 
the  manganese  has  been  thus  separated  is  now  freed  from  sulphide 
of  anunonium  by  boiling :  the  lime  is  precipitated  in  the  form  of 
oxalate  by  the  addition  of  oxalate  of  ammonia.  From  the  weight 
of  carbonate  of  lime  obtained  from  the  ignition  of  this  salt,  the 
amount  of  lime  is  readily  deduced,  and  from  this  is  calculated  the 
quantity  of  calcium  originally  present  in  the  sample  of  metal  ana- 
lysed. K  any  magnesium  were  containedin  the  compoundexamined, 
its  presence  can  now  be  detected  by  the  addition  of  a  few  dn^ 
of  a  solution  of  phosphate  of  soda  to  the  filtrate  from  the  oxalate 
of  lime;  but  this  body  has  never  yet  been  found  in  sufficient 
quantity  for  estimation,  as  traces  only  of  this  metal  appear  to 
enter  into  combination  with  the  iron. 

The  presence  or  absence  of  magnesia  in  the  compound  having 
been  established  by  qualitative  analysis,  it  will  in  most  instances 
be  found  to  be  so  small  in  quantity  as  to  be  safely  neglected  in 
the  quantitative  determinations,  and  the  solution  from  which  tiie 
lime  has  been  separated  may  at  once  be  evaporated  to  diyness, 
and  ignited  to  obtain  the  alkalies  in  the  fonn  of  chlorides,  in  whidi 
state  thev  are  weighed.  On  dissolving  these  in  a  little  water,  and 
afterwards  adding  a  few  drops  of  bichloride  of  platinum  to  ti&e 
solution,  the  potash  is  separated  in  the  usual  manner  and  weighed, 
and  on  deducting  the  weight  of  chloride  of  potassium  finom  that 
of  the  mixed  chlorides  as  obtained  by  direct  experiment,  the 
amoimt  of  chloride  of  sodium  is  readily  deduced. 

The  following  table  indicates  the  per-centage  composition  of  tai 
specimens  of  cast  iron  analysed  by  Mr.  Wrightson,  who  employed 
in  his  investigations  the  methods  above  described.    These  sped- 
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mens  were  made  from  the  South  StafiPordshire  iron  ores,  princi- 
pally occQXTiBg  in  the  districts  lying  to  the  west  of  the  Dudley 
ooal  fidd«   • 


A17AX.T8E8  or  Tek  SpECOCBira  or  Oast  Iboit,  icade  fbom  South 
Statfoxdshibjb  Isoir  obe,  chietlt  West  oe  Dudley. 


Ieok  tbou  Cou)  Blast. 


L 

Iroo       94-10 

Combined  Carbon  (a)    .    .    .  1*87 

Unoombiofid  Carbon  (6)  1-92 

Silica 1*30 

Manganeae 1-12 

Cobalt trace 

Chraoiiiim trace 

Calcium 0*05 

Sodium 0*16 

Potasmom        trace 

Svlphw trace 

PhoBphoma 0*21 


III. 
96-57 
0-96 
1 
0 
1-16 


-98 


trace 
trace 
9-42 
0-11 
0-86 


TV. 
94-53 

C 

8-71  »  2-78 

0-88 


0-25 
0-30 

0-06 
0-03 


V. 

94-42 

4.05 

0'94 
-trace 

0-16 
0-84 

trace 
0-36 


100-78         101-75 

99-20 

100-27 

Iron  eeom  Hot  Blast. 

L 

IL 

m. 

IV.               V. 

VL 

Ino    .     . 

89-58 

92-98 

98-84 

92-90           95-28 

95-80 

Caifoon     ) 

C 

C 

C                G 

(C(«)l-77 

7  <-88^C(6)0-49 

(         0-31 

2-72 

Caibcn      l 

8-27  7-98 

8-11  6-51 

2-98  5-54     0-8 

0-26 

Siika,&c. 

0-11 

Manganese 

1-71 

1-30 

0-72 

0-62             0-34 

0-54 

Calcium 

0-11 

trace 

0-84 

0-06             0-10 

0-06 

Sodnxm 

0-41 

0-37 

0-89 

0-80             0-19 

0-14 

Potaflflium 

— 

— 

trace 

trace             — 

— 

S«l|»liiir 

0-07 

trace 

minute  trace 

trace            trace 

trace 

Phoqkbonis 

0-54 

loet 

0-07 

0-40              0-12 

0-37 

100-80 


101-19 


100-90 


101-11 


98-55   10000 


A  Tery  small  amount  of  phosphorus  is  found  to  impart  to  iron 
a  great  d^ree  of  brittleness ;  when  bar  iron  contains  but  0*5  per 
cent,  of  this  substance,  it  becomes  cold  short;  but  when  a  smaller 
quantity  is  present,  it  has  only  the  effect  of  hardening  the  metal, 

1  Tbe  flgm«  8'71  in  No.  IV  (cold  blast),  as  well  as  in  the  conesponding 
figons  in  No.  V.  (also  cold  blast),  and  Kos.  I.  II.  III.  IV.  (hot  blast),  indicate 
tbe  pcr-oentage  of  substances  separated  and  weighed  on  the  filter,  consisting,  witb 
the  exception  of  No.  IV.  (hot  blast),  principally  of  silica,  with  the  oxides  of  iron 
and  lime,  wUch  were  not  in  these  instances  separately  estimated.  The  figure? 
maiked  C,  on  the  left  of  the  columns,  indicate  the  entire  amoont  of  carbon,  both 
1  and  vncombined,  contained  in  the  iron  examined. 
T 
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without  materially  inflaencing  its  other  properties.  The  presence 
of  sulphur  in  wrought  iron  causes  it  to  hre«k  with  great  facility 
when  heated ;  and  when  har  iron  contains  no  more  than  0*0001 
of  this  hody,  it  heoomes  extremely  difficult  to  work  at  a  welding 
heat.    Wrought  iron  of  ordinary  quality  may  contain  about  0-25 
per  cent,  of  carbon  without  beii^  rendered  steely  and  caqpable  of 
being  hardened  by  sudden  cooling  in  water ;  but  when  it  is  con- 
taminated with  from  0*50  to  0*60  per  cent,  of  its  weight  of  this 
substance,  it  exhibits  many  of  the  peculiar  properties  of  steel,  and 
emits  sparks  on  being  smutly  struck  with  a  ^t.    The  quantity 
of  carbon  necessary  to  render  iron  steely,  is,  however,  in  a  great 
measure  dependent  on  the  purity  of  the  metal  itself,  as,  when  it 
contains  a  small  proportion  of  sulphur  or  phosphorus,  it  is  ren- 
dered much  more  brittle  and  hard  by  a  given  amount  of  carbon, 
than  when  the  same  proportion  is  combined  with  a  purer  descrip- 
tion of  metal.  Shear  steel,  of  which  the  texture  and  composition 
have  been  equalised  by  repeated  tiltings,  contains  from  1  to  1*5  per 
cent,  of  carbon.  When  steel  contains  a  more  considerable  amoont 
of  this  substance  it  becomes  harder,  less  tenacious,  and  more  diffi- 
cult to  weld ;  and  when  the  quantity  of  carbon  present  exceeds 
1'75  in  100  parts,  the  compound  no  longer  admits  of  being  welded 
at  any  temperature.     Iron  containing  2  per  cent,  of  carbon  does 
not  admit  of  being  forged  lyider  the  luonmer,  and  this  may  be 
regarded  as  the  test  by  means  of  which  cast  iron  is  distinguished 
from  highly  carburetted  steel.     Iron  containing  1*9  per  cent,  of 
carbon  E^  admits,  if  carefully  treated,  of  being  worked  under  tiie 
hammer ;  and  we  may  therefore  regard  this  as  the  extreme  point 
of  carburisation,  beyond  which  steel  is  converted  into  cast  iron. 
When  cast  steel  contains  1*9  per  cent,  of  carbon,  it  is  no  longer 
applicable  to  the  purposes  to  which  less  highly  carburetted  metal 
is  applied,  but  still  does  not  deposit  any  gn^hitous  scales  by 
fusion  and  slow  cooling.    When,  however,  the  metal  is  combined 
with  from  25  to  3*0  per  cent,  df  carbon,  a  portion  of  that  sub- 
stance is  readily  eliminated  by  the  slow  cooling  of  the  fused 
mass. 

The  properties  of  cast  iron  are  not  entirely  dependent  on  the 
total  amount  of  carbon  which  it  contains,  but  are  also  to  a  great 
extent  influenced  by  the  stato  of  combination  in  which  the  two 
substances  exist. 

Grey  cast  iron  eontains  only  from  2  to  2*6  per  cent,  of  carbon 
in  a  state  of  chemical  combination,  the  remainder  being  merely 
disseminated  through  the  mass  in  the  form  of  minute  graphitous 
scales.  Iron  of  tins  description  requires  for  its  fusion  a  much 
higher  temperature  than  the  white  variety,  in  which  a  great  pw- 
tion  of  the  carbon  is  chemically  combined,  and  passes  almost 
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■oddenfy  from  the  solid  to  the  fluid  state,  whilst  white  cast  iron 
becomes  pasty  befoze  it  is  reduced  to  the  fluid  form. 

€b«7  cast  iron  may  be  transformed  into  white  metal  by  sudden 
oooling,  and  white  iron  admits  of  being  converted  into  the  grey 
YBiiety  by  being  first  strongly  heated,  and  then  allowed  to  cool 
very  gradually* 

The  principal  localities  in  Great  Britain  where  the  manu&cture 
of  iron  is  extensively  carried  on,  are  Shropshire,  South  Stafford- 
shire, Derbyshire,  and  the  West  Biding  of  Yorkshire,  in  England ; 
Glamoiganshire,  in  South  Wales ;  and  the  district  lying  east  of 
Glasgow,  in  Scotland. 

The  total  number  of  blast  fdmaces  at  this  time  at  work  in  the 
United  Kingdom  exceeds  600.  Most  of  the  new  furnaces  recently 
ereeted  have  been  constructed  with  largeor  hearths  and  wider 
tomiel-holes  than  were  formerly  employedC 

By  far  the  largest  proportbn  of  the  steel  manufactured  ia  pre- 
paied  in  the  neighbourhood  of  Sheffield,  where  Swedish  iron, 
prindpaUy  from  t£s  Dannemora  mines,  is  extensively  employed. 

The  annual  quantity  of  steel  produced  in  Sheffield  duimg  the 
last  five  yean  varies  £hom  17,000  to  lg,000  tcms  from  foreign  iron, 
and  from  1,500  to  2,000  tons  from  iron  of  British  manufacture. 

The  number  <^  furnaces  employed  in  the  neighbourhood  of 
Sheffield  for  the  conversion  of  iron  into  steel,  is  upwaids  of  120 : 
each  of  these  is  ci^ble  of  converting,  weekly,  six  tons  of  iron»  and 
eoofiamea  dozing  the  process  a  quantity  of  coal  about  equal  to 
the  weight  of  the  steel  produced.  There  are  also  above  100  steel 
mdlting  frmaces,  each  on  an  average  containing  10  holes  for 
crucibiea ;  four  tons  of  good  hard  coke  are  required  to  make  one 
ton  of  cast  steel ;  and  ^eh  furnace  of  ten  holes  produces  41^  tons 
of  mdted  steel  per  week. 

The  total  quantity  of  coals  annually  consumed  in  the  town  and 
neighbourhood  of  Sheffield,  in  the  various  processes  relating  to 
the  manufacture  of  steel  alone  has  been  csdculated  at  250,000 
toaa. 
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Equiv.  =  31-66.     Density  =  8-80. 

This  metal  appears  to  have  been  known  in  the  remotest  antiqaify, 
and,  alloyed  with  about  one-tenth  part  of  its  weight  of  tin,  was 
employed,  previous  to  the  discovery  of  iron,  for  making  all  kinds 
of  edge-tools  and  instruments  of  war.  Copper,  with  the  exception 
of  titanium,  is  the  only  metal  which  has  a  strong  red  colour ;  it 
is  very  malleable,  duc&e,  and  tenacious,  and,  when  wanned  or 
rubbed,  exhales  a  peculiarly  iliaagreeable  and  characterisfac  odour. 

The  copper  met  with  in  commerce  is  seldom  chemically  pure, 
but  is  contaminated  with  other  metals,  such  as  lead,  iron,  and 
antimony ;  it  also  almost  invariably  contains  traces  of  carbon  and 
suboxide  of  copper. 

Chemically  pure  copper  may  be  obtained  by  reducing  to  the 
metallic  state  the  pure  oxide,  by  passing  over  it  a  stream  of 
hydrogen  gas,  while  heated  in  a  hard  ghas  tube.  Under  these 
circumstances  the  reduction  takes  place  below  a  red  heat,  and 
the  metal  which  remains  in  the  tube  is  found  in  the  state  of  a 
red  powder,  readily  assuming  a  metallic  lustre  when  rubbed 
between  two  hard  surl^uses. 

The  specific  gravity  of  this  metal  varies  slightiy,  in  accordance 
with  the  nature  of  the  treatment  to  which  it  has  been  suljeeted; 
as  hammered  or  rolled  specimens  have  a  greater  density  than 
ordinary  fiised  copper,  which  has  not  been  thus  compressed.  The 
density  of  copper  varies  between  8*78  and  8*96 ;  it  melts  readily 
at  a  strong  red  heat,  and,  when  heated  to  whiteness,  gives  off 
very  distinct  vapours,  which  have  the  property  of  imparting  a 
green  colour  to  flame. 

When  copper  is  at  ordinary  temperatures  exposed  to  the  action 
of  perfectly  dry  air,  its  surface  is  not  in  the  slightest  degree 
oxidised ;  but  if  acted  on  by  a  damp  atmosphere,  and  particukiiy 
when  acid  vapours  are  present,  it  quickly  becomes  covered  with  a 
green  substance,  known  by  the  name  of  verdigris. 

If  a  piece  of  this  metal,  slightly  moistened  by  a  weak  add,  be 
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left  for  a  considerable  time  exposed  to  the  contact  of  air,  it  at  first 
combines  with  a  portion  of  its  oxjgen,  and  forms  a  neutral  salt  of 
copper,  which  is  subsequently  converted,  by  the  further  action  of 
oxygen  on  another  atom  of  metallic  copper,  into  a  less  soluble 
fiubsalt,  which  adheres  firmly  to  the  surface  of  the  mass. 

A  j&agment  of  copper  wetted  by  ammonia,  and  exposed  to  the 
air,  is  oxidised  in  a  similar  way,  and  sheet  copper  is  found  to  be 
rapidly  attacked  by  weak  solutions  of  chloride  of  sodium,  although, 
when  in  a  concentrated  form,  this  salt  acts  but  feebly  on  the 
mfital. 

Water  is  decomposed  by  copper  when  heated  to  whiteness  in 
an  atmoflphere  of  steam :  oxide  of  copper  is  formed,  and  hydrogen 
gas  ehmmated.  A  concentrated  solution  of  hydrochloric  acid 
attacks  it,  when  in  a  state  of  fine  division,  with  considerable 
facility ;  but  when  the  copper  is  exposed  to  its  action  in  more 
solid  masses,  its  solution  is  attended  with  much  difBiculty. 

The  presence  of  the  stronger  acids  does  not  determine  the 
decomposition  of  water  by  this  body.  When  dissolved  in  con- 
centrated sulphuric  acid,  sulphurous  acid  gas  is  plentifully 
evolved. 

Nitric  acid,  even  when  cold  and  considerably  diluted  with  water, 
dissolves  copper  with  great  facility,  and  gives  rise  to  the  rapid 
evolution  of  binoxide  of  nitrogen,  which,  coming  in  contact  with 
the  oxygen  of  the  air,  produces,  large  quantities  of  the  character- 
istic red  fumes  caused  by  the  resulting  compound. 

The  tenacity  of  copper  is  less  than  that  of  iron,  but  greater 
than  that  of  either  gold,  silver,  or  platinum. 

NmMtrm  Cmfipw, — This  metal  frequently  occurs  in  a  native  or 
malleable  state,  and  is  in  all  probability  the  result  of  certain 
electro-chemical  influences,  by  which  the  sulphate  of  copper  aris- 
tDg  from  the  oxidation  of  its  various  sulphides  is  made  slowly  to 
dqwsit  the  metal  which  it  contains  on  various  points  of  the  lode 
m  which  the  different  ores  of  copper  are  found. 

Native  copper  is  most  frequently  met  with  in  irregularly-shaped 
masses,  occupying  the  fissures  of  the  rocks  in  which  it  is  situated ; 
but  it  is  sometimes  also  observed  in  a  crystalline  state,  and  in  this 
ease  the  crystals  are  either  cubes,  octahedrons^  or  some  of  their 
immediately  derived  fonns. 

Native  copper  is  both  malleable  and  ductile ;  has  a  red  colour, 
metallic  lus^,  and  shining  streak ;  possesses  no  traces  of  cleavage; 
and  readily  Aises  before  the  blowpipe  into  a  well-defined  metallic 
^obuie,  which,  on  cooling,  frequently  becoines  externally  coated 
with  a  thin  layer  of  black  oxide. 

In  some  localities  specimens  of  this  metal  occur  in  a  perfectly 
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pure  state,  but  it  more  frequently  contains  iaraoes  of  other  metak, 
snd  particularly  iron  and  slyer. 

This  subetance  is  abundantly  met  witii  in  the  copper  mineB  cf 
Cornwall,  Brazil,  and  Siberia,  as  also  in  the  district  to  the  aootk 
of  Lake  Superior,  where  masses  exceeding  one  hundred  and  fifly 
tons  in  weight  have  sometimes  been  extracted.  Most  splendid 
crystalline  specimens  are  also  procured  from  Siberia  and  the  iskmd 
of  Nalsoe,  in  Faroe,  whex^  it  acoompanies  fibrous  meaotjpe  in 
am^;daloidal  trap. 

These  crystals  of  copper  are,  generally  speaking,  fiir  from 
regular,  and  present  some  of  their  dimensions  in  a  much  more 
developed  state  than  others :  the  crystalline  forms  are  usually 
most  perfectly  represented  at  the  extremities  of  the  branches 
produced  by  the  union  in  rows  of  the  more  compressed  and  less 
perfectly  formed  examples. 


OBXS  OF  COFFXIL 

The  minerals  of  which  copper  forms  an  essential  constituent 
are  extremely  numerous  and  mipcniant,  but  we  shall  in  the  pre- 
sent iustance  chiefly  confine  our  attention  to  such  as  are  metal- 
lurgically  treated  for  the  metal  they  contain,  and  which  are  con- 
sequently entitled  to  be  ranked  among  the  ores  of  copper. 

iMB«zMe  •f  c«pver)  Octahedral  Copper  Ore;  Ovxm  -oxydaiU^ 
Kupferroth. — ^This  oxide  is  remarkable  for  its  fine  oochineal-red 
colour,  which  may  be  observed  with  great  readiness,  particulaily 
in  transparent  and  translucid  specimens. 

This  oxide  crystallises  in  the  cubic  system,  and  most  frequently 
occurs  in  well-defined  crystals  of  a  ruby-red  colour.  Its  lustre  is 
semi-metallic,  streak  shming  and  reddish-brown,  firaeture  hac^y 
or  sometimes  conchoidal,  and  its  cleavage,  whidi  is  much  inter- 
rupted, parallel  to  the  faces  of  the  octahedron.  When  the  erystals 
of  this  mineral  are  opaque,  they  are  sometimes  of  an  iron-grey 
tint  on  the  surface,  but  their  pecuhar  red  colour  at  once  becomes 
apparent  when  th^  are  reduced  to  the  state  of  a  finely-divided 
powder.  This  oxide  has  a  density  of  599,  and  its  composition, 
according  to  an  analysis  of  Chenevix,  is  as  follows : — 

Copper 88-78 

Oxygen 11-50 

These  numbers  correspond  to  two  atoms  of  copper  united  to 
one  equivalent  of  oxygen,  and  its  formula  wiU  consequently  be 
represented  by  CujO. 
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Octahedral  oxide  of  copper  is  found  in  many  of  the  ConuBh 
mines,  and  particularly  at  Huel  Garland,  near  Bedruth. 

Isolated  crystals,  sometimes  an  inch  in  diameter,  are  also 
obtained  at  Cneasj,  in  the  neighbourhood  of  Lyons ;  and  many 
splendid  specimens  have  been  brought  from  Moldawa,  in  the 
Bannat,  and  Ekatharineburg,  in  Siberia.  This  suboxide  is  some- 
times also  found  in  extremely  slender  reticulated  crystals :  sped- 
mens  of  this  variety  are  occasionally  obtained  from  the  mines  of 
West  Cornwall  and  Kheinbreitbach,  on  the  Ehine. 

wumtM  OzUe  9t  Copper;  Ouivre  oocyde  noir;  Kupferschwartz, 
— In  a  great  many  copper  mines  a  black  substance  is  found, 
which  s4»ins  the  fingers  when  handled,  and  is  principally  com* 
posed  of  oxide  of  copper  mixed  with  various  earthy  impurities. 
Analysis  shows  that  this  substance  sometimes  contains  sulphur 
and  arsenic,  and  often  considerable  quantities  of  the  oxides  of  iron 
and  manganese. 

From  this  circumstance  it  would  appear  that  the  black  oxide 
of  copper,  which  in  many  localities  is  obtained  in  sufficient  abun- 
dance to  render  its  extraction  an  important  consideration,  is  the 
result  of  the  decomposition  of  some  of  the  other  ores,  such  as 
copper  pyrites,  and  that  the  traces  of  sulphur  and  arsenic  which  it 
styi  retains,  are  merely  the  result  of  an  incomplete  decomposition 
of  such  minerals. 

This  substance  is  commonly  found  disseminated  among  other 
ores  of  copper,  and  sometimes  occurs  in  shining  botryoidal  con- 
cretions or  dull  friable  masses, 

SidpUdte  •rc^Fpcri  Vitreous  Copper;  Cuivrewljuri;  Kup/er- 
gias, — Sulphide  of  copper  is  of  an  iron-grey  colour,  and  is  often 
iridescent ;  it  is  sometimes  found  in  crystals,  but  more  frequently 
in  compact  lamellar  masses,  and  pseudomorphous  crystals  have 
occasionally  been  discovered,  especially  at  Frankenberg,  in  Hessia. 
The  primitive  form  of  crystallised  sulphide  of  copper  is  a  six- 
sided  prism,  but  the  specimens  obtained  from  the  Cornish  mines, 
and  especially  from  Clook's  £[itchen,  in  the  neighbourhood  of 
Bedruth,  frequently  present  themselves  in  thin  hexahedral  tables. 
This  ore  is  extremely  friable,  and  when  scratched  affords  a  shin- 
ing streak. 

When  quite  pure  it  may  be  readily  cut  with  a  knife,  and  is 
fusible  in  the  fUune  of  an  ordinary  candle.  Its  density  varies, 
according  to  the  texture  of  the  specimens,  from  5*5  to  5*8,  and 
the  crystals  possess  a  di^inct  cleavage,  parallel  to  the  &ces  of  the 
original  prism. 

Sulphide  of  copper  is  almost  always  contaminated  with  a  cer- 
tain portion  of  sulphide  of  iron,  which  considerably  interferes 
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with  itB  hardness  and  fusibility;  but  the  spechnCTis  obtained  from 
Siegen  are  compiuratiyelj  free  firom  this  impurity. 

The  composition  of  a  specimeji  of  this  ore,  from  Cornwall,  ana- 
lysed by  Thompson,  was  found  to  be  as  follows : — 

Sulphur 20-62 

Copper 7716 

Iron 115 

98-93 

These  numbers  indicate  that  this  ore  is  a  compound  of  two 
atoms  of  copper  united  to  one  equivalent  of  sulphur,  and  its  odd- 
stitution  wiU  therefore  be  expressed  by  the  formula  CujS. 

Although  magnificent  crystals  of  sulphide  of  copper  are  some- 
times obtained  from  the  Cornish  mines,  they  are  neverthdess 
almost  exclusively  confined  to  that  county ;  but  the  more  com- 
pact and  massive  varieties  also  occur  in  Siberia,  Hessia,  Saxony,  the 
Bannat,  and,  according  to  Silhman,  in  Nova  Scotia. 

o«nper  PyriiM;  Cuivre  pyriUux;  KupferJdeB. — This  mineral 
is  distinguished  by  its  strong  metallic  lustre  and  deep  brass- 
vellow  colour.  It"  usually  occurs  in  amorphous  masses,  with  an 
irregular  and  slightly  oonchoidal  fracture:  it  is  also  found  in 
mammillated,  staJactitic,  and  botiyoidal  forms,  as  weU  as  in  tetra- 
hedral  and  octahedral  crystals.  Its  specific  gravity  varies  from 
4*1  to  4'3,  and,  when  strongly  heated  on  charcoal  before  the 
blowpipe,  it  readily  fuses  into  a  dull-black  globule,  which,  from 
the  presence  of  iron,  speedily  becomes  magnetic.  When  mixed 
with  a  Httle  carbonate  of  soda,  and  similarly  treated,  it  yields  a 
button  of  metallic  copper :  if  dissolved  in  nitric  acid  or  aqua  regia, 
it  affords  a  solution,  which,  on  the  addition  of  ammonia,  assumes 
a  fine  blue  colour. 

Copper  pyrites  is  a  double  sulphide  of  iron  and  copper,  consist- 
ing of  one  equivalent  of  protosulphide  of  iron  united  to  one  atom 
of  sulphide  of  copper,  and  its  composition  will  consequently  be 
expressed  by  the  formula  CuS-f-PeS. 

The  following  numbers  show  the  composition  of  specimens  of 
this  substance  from  two  different  localities : — 

From  Cornwall.  From  Ramberi^. 

Anafysed  by  R.  Phfflipe.     Analysed  by  H.  Ros& 
Sulphur  .         .     35-16  —  3587 

Copper  .        .        .    80-00  —  84i'40 

Iron      .         .        .     32-20  —  3047 

Gangue  2-64  —  0-27 

10000  10101 
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This  mineral  is  found  in  lodes  or  veins,  which  usually  occur 
aiher  in  granite,  grauwacke,  or  clay-slate,  although  it  is  some- 
times met  with  in  serpentine,  gneiss,  and  some  other  rocks.  It 
is  most  commonly  associated  in  these  deposits  with  iron  pyrites, 
blende,  and  galena,  together  with  the  carbonates  and  other  ores 
of  copper  commonly  produced  in  Europe. 

The  principal  localities  in  which  this  valuable  ore  is  found,  are 
Cornwall  and  Devon  in  England ;  Chessy  and  Saintbel,  near  Lyons, 
in  Fronoe ;  in  Saxony ;  at  Eisleben  and  Stangerhausen,  in  Prus- 
sia: at  Groslar,  in  the  lower  Hartz ;  at  Kxemnitz  and  Schemnitz, 
in  Hungary ;  at  Fahlun,  in  Sweden ;  at  the  Ural  mountains,  in 
Bossia ;  as  also  in  China,  Ji^>an,  and  at  the  Burnt  Burra  mines 
in  Soutii  Australia. 

The  Cornish  copper  ores,  so  extensively  treated  in  the  neigh- 
bourhood of  Swansea,  are  almost  entirely  composed  of  this  mineral, 
and  constitute  about  five-sixths  of  the  whole  amount  of  copper 
raised  in  the  United  Kingdom. 

The  total  annual  produce  of  copper  in  Great  Britain  is  estimated 
at  about  18,000  tons,  besides  which,1arge  quantities  are  annually 
iiq>orted  firom  Cuba,  Chili,  and  Australia,  to  be  smelted  in  the 
Tarioiis  metallurgical  establishments  of  South  Wales. 

This  ore,  although  of  extremely  common  occurrence,  is  not, 
however,  usually  brought  into  the  market  in  a  very  pure  state, 
as,  from  the  great  cheapness  of  fuel  in  the  neighbourhood  of  the 
joraaoes,  and  the  facilities  afforded  by  a  ^ort  water-carriage,  it 
is  found  more  economical  to  directly  treat  the  poorer  ores,  than 
to  eonoentrate  them  beyond  a  certain  point  by  means  of  a  more 
extended  mechanical  preparation. 

The  ores  sold  at  Bedruth,  in  Cornwall,  where  the  mineral  pro- 
dtictB  of  the  Western  division  of  that  county  are  principally  dis- 
posed d^  rarely  yield  above  12  per  cent,  of  metallic  copper,  and 
even  8  per  c^it.  of  metal  may  be  considered  about  a  &ir  average 
of  the  produce  of  the  total  quantity  of  ore  sold. 

^^liiau ;  Cuwre  panaM ;  Bunthupfererz, — ^This  ore,  which, 
Pttticnkily  since  the  reworking  of  the  mines  ia  Tuscany,  holds  a 
somewhat  important  position  among  the  minerals  producing  cop- 
po,  was  ibr  a  long  time  confounded  with  eopper  glance,  although 
ia  many  particulars  they  are  different. 

This  ore  has  a  reddish-brown  colour,  and  almost  metallic  lustre ; 
ris  sorfiuse  is  commonly  iridescent  with  different  shades  of  blue, 
pvple,  and  red,  firom  which  drcumstanoe  it  is  sometimes  called 
^^f'^^  panaehe,  by  French  mineralogists. 

^Wd  beltHe  the  blowpipe,  it  presents  similar  reactions  to 
thoae  obtained  from  ordinary  copper  pyrites,  but  when  found  in  a 
aystaDme  form,  the  crystals  are  either  cubes  or  octahedrons,  of 
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which  the  sorfaoes  are  not  usually  well-defined.  It  oocnn  in  ihe 
compact  form,  associated  with  the  green  carbonate  of  copper,  in 
Cornwall,  Siberia,  Hessia,  Silesia,  Norway,  and  the  Baonat ;  aiLm 
at  KiUamej,  in  Ireland,  and  in  the  cupriferous  shale  in  the  neigh- 
bourhood of  Mansfeld. 

The  ciystallised  yarietieB  of  this  mineral  have  as  yet  only  been 
found  in  Cornwall,  where  it  occurs  in  the  Dolooath  and  l^ncroft 
mines,  in  the  neighbourhood  of  Bedruth. 

This,  like  ordinary  copper  pyrites,  is,  although  not  comlnned 
in  the  same  proportion,  a  double  sulphide  of  copper  and  iron.  Its 
atomic  constitution  is  represented  by  the  formula  2Cu«S+F^ 
and  its  per-oentage  constitution,  according  to  the  analyaa  of 
Phillips  and  Yarrentrapp,  is  as  follows : — 


From  Cornwall,      From  Kilknief  , 

yarrentrapp.              Phillipa. 

Copper 
Sulphur 

.     .     58-20       —       6107 

.     .    26-98      —      23-76 

Iron     .     . 

.     .     14-84      —      1400 

Gangue 

.     .        «          _        0-50 

10002  99-32 

The  specific  gravity  of  the  crystallised  variety  varies  from  4*9 
to  5*1,  and  the  different  &oes  of  the  crystab  are,  in  many  ^ed- 
mens,  slightly  curved. 

CihrerC«ppcrOni  Cwvre  gria;  Fahl&rz. — ^Usually  oocurs  mas- 
sive, but  sometimes  also  crystallised,  in  well-defined  cubes  n& 
tetrahedrons.  Its  colour  varies  from  steel-grey  to  iron-black,  and 
when  scratched  yields  either  an  unchanged  or  slightly  brown 
streak.  It  has  a  conchoidal  fracture,  and  sometimes  an  imperf€e% 
developed  cleavage  parallel  to  the  faces  of  the  octahedron.  It  is 
exceedingly  brittle,  and  has  a  density  vaaying  from  4-6  to  5*1. 

Bose,  who  has  made  a  very  important  series  of  investigatioxis  on 
the  constitution  of  this  mineral,  has  arrived  at  the  conclusion  tiiat 
its  general  composition  may  be  represented  by  the  formula 
FeiCuieSbfSn,  but  in  which  each  of  the  different  metallic  con- 
stituents may  be,  to  a  greater  or  less  extent,  replaced  by  t^e  sub- 
stitution of  other  isomorphous  elements ;  so  that  sulphide  of 
antimony  may  be  substituted  for  the  sulphide  of  arsenic,  and  sul- 
phide of  silver  for  sulphide  of  copper,  &c.  &c 

This  mineral  also  frequently  contains  zinc  and  silver,  and  occa- 
sionally gold  and  platinum.  The  following  analyses  of  different 
specimens  of  this  ore  will  serve  to  illustrate  its  variable  o(Misti- 
tution : — 
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1              Locality. 

Sul- 
phur 

Anti- 
monv. 

Arse- 
nic 

Copper. 

Iron. 

Zinc. 

Silver. 

1 
Gny  Copper,  fiom  Clans- 

tiia],KoM     .     . 

24-78 

28*84 

C( 

84-48 

2-27 

6-65 

4-97 

Da  flom  Wol&eh,  Boee 

28-62 

26-68 

»t 

25-88 

8-72 

8-10 

17-71 

Dittos     from    Corbi^ 

Berthier       .... 

25-30 

25-00 

1-50 

34-80 

1-70 

6-30 

0-70 

Do.  from  Gersdoxf,  Rose, 

26-33 

16-62 

7-21 

88-68 

4-89 

2-76 

2-87 

Locdhj     not     named. 

Klaproth      .... 

10-00 

u 

14-00 

48-00 

25-50 

u 

0-50 

u           u            u 

18-50 

23-00 

0-75 

40-26 

13-50 

it 

0-80 

Some  of  i^e  finest  ciystals  of  this  substance  have  been  obtained 
&om  the  mines  near  St.  Austell,  in  Cornwall,  and  veir  beautiful 
complex  Giystals,  of  a  bright  polished  aspect,  are  found  at  And^e- 
asbe^,  in  the  Hartz;  Kremnitz,  in  Ilungaiy ;  Freyberg,  in 
Saxonj ;  Dillenburg,  in  Nassau ;  and  Kapnick,  in  Transylvania : 
besides  oocorring  in  the  above  localities,  the  massive  variety  is 
foond  at  Schwatz  in  the  Tyrol,  and  in  Siberia.  This  mineral  is 
iKit  only  important  as  an  ore  of  copper,  but  is  frequently  much 
increased  in  value  on  account  of  the  silver,  which,  in  greater  or 
lea  quantity,  it  almost  invariably  contains. 

What  CmaihmmmMm  •f  Chopper  i  AzuHte ;  Kupferkuur. — ^This  min- 
cnl,  vdiich  occurs  both  in  manunillated  concretions,  and  in  well- 
defined  and  very  brilliant  crystals  belonging  to  the  rhomboidal 
system,  of  which  the  lateral  faces  form  an  angle  of  98*  42',  is 
x)f  a  beautiful  blue  colour,  and  is  sometimes  perfectly  transparent, 
ahhongh  more  commonly  only  translucid.  Its  specific  gravity 
Turies  from  3*7  to  3*9,  lustre  vitreous  or  adamantine,  fracture 
oonchoidal,  and  streak  of  a  somewhat  deeper  blue  than  that  of  the 
mmeral  itself.  When  acted  on  alone  before  the  blowpipe,  it  is 
incited  by  the  oxidising  fiame  into  a  black  globule.  By  the  reduc- 
bg  flame  a  bead  of  metallic  copper  is  obtained.  It  dissolves  with 
effervescence  in  nitric  add,  and  yields  a  solution,  affording  all 
the  common  reactions  of  copper.  When  fused  with  borax  in  the 
oxidating  flame,  a  glass  of  a  bright  green  colour  is  produced. 
Its  composition,  according  to  the  analyses  of  Karsten  and 
6,  is  as  follows : — 

Spocixnen  ttotn  Spodmen  from 

CheasY,  the  Bannat, 

by  Phiilipa.  by  Kanten. 

Oxide  of  copper  .  .  .  6908  —  6908 
Carbonic  acid  ....  26-46  —  2572 
Water 646        —  6-20 


10000 


10000 
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The  above  nmnbers  correspond  to  the  formula  2  (CuO,CQji)  4- 
CO„HO. 

This  mineral  occurs  associated  with  the  red  oxide  and  the 
green  carbonate  of  copper,  and  is  found  both  in  the  primitive  and 
secondary  formations.  The  chief  localities  from  which  Uue  car- 
bonate of  copper  is  obtained,  are  Chessj  near  Lyons,  Siberia,  and 
the  Bannat.  Examples  of  this  ore  are  also  found  at  Itedruth,  in 
Cornwall ;  Alston-Moor,  in  Cimiberland ;  in  the  Cuban  mines,  and 
at  Burra  Burra,  in  SoutJi  Australia.  When  obtained  in  sufficient 
quantity,  this  substance  constitutes  a  valuable  ore  of  copper ;  it 
is  likewise,  when  ground  to  a  fine  powder,  occasionally  used  as  a 
blue  pigment,  but  from  havins^  a  tendency  to  lose  its  original  hue, 
and  become  green  by  exposure  to  light  and  air,  it  is  at  present 
but  little  employed  for  this  purpose. 

JMalachliei  Ouivre  carbonate  vert;  MalackU. — Green  carbonate 
of  copper  is  remarkable  for  its  fine  emerald-green  colour,  of  which 
the  same  specimen  usually  exhibits  a  great  diversity  of  shades. 
When  in  a  crystalline  state,  this  substance  is  found  in  forms 
derived  fit)m  the  oblique  prism,  of  which  the  lateral  &ces  form  an 
angle  of  107®  16^  but  it  is  more  frequently  met  with  in  mammH- 
kted  reniform  masses,  and  compact  amorphous  fragments. 

Malachite,  although  rarely  found  in  the  crystalline  form  above 
described,  frequently  presents  itself  in  the  shape  of  variously  modi- 
fied octahedrons,  produced  by  the  conversion  into  carbonate  of 
the  dinoxide,  or  ruby-red  ore,  as  also  in  oblique  prisms  of  a  fibrous 
internal  structure,  derived  from  the  decomposition  of  the  blue 
carbonate.  It  is  likewise  found  in  stalactiform  masses,  having  a 
fibrous  radiated  structure  made  up  of  several  successive  layers,  of 
which  the  extent  and  thickness  are  readily  apparent  and  weD 
defined.  It  is  sometimes  met  with  in  a  fiiable  and  pulverulent 
form,  and  is  in  that  case  commonly  associated  with  various  sandy 
and  earthy  impurities. 

Malachite  is  found  in  considerable  quantities  in  the  Ural  moun- 
tains ;  in  the  mines  of  Southern  Australia ;  in  the  Island  of  Elba ; 
at  Chessy,  in  France :  in  the  old  mine  at  Sandlodge,  in  Shetland ; 
in  the  Bannat,  the  Tyrol,  and  in  some  of  the  Cornish  mines.  It 
is,  firom  its  high  per-centage  of  metal,  and  the  facility  with  which 
it  admits  of  being  smelted,  a  valuable  ore  of  copper ;  but  is  also 
highly  prized  by  the  lapidary  for  various  ornamental  purposes. 
Such  varieties  as  are  sufficiently  compact  are  ofben  cut  into  snuff- 
boxes, and  mounted  as  brooches,  studs,  and  other  articles  <^ 
jewellery ;  and  in  Kussia,  polished  plates  of  this  substance  are 
made  up  into  tables,  sideboards,  and  other  objects  of  luxury. 

The  density  of  this  ore  varies  firom  3*6  to  4*0;  lustre  adamantine, 
inclining  to  vitreous ;  streak  of  a  rather  paler  green  than  the 
mineral  itself. 


OTHEB  lONESALS  COKTAIKINO  COFPEB.  333 

Its  per-oeatage  composition  is  as  follows  : — 

From  Siberia,  Also  from  Siberia, 

bj  Yauqnelin.  by  Klaproth. 

Oxide  of  copper    ,     .     .     7010  —        71-70 

Carbonic  acid  .     ,     .     .     2125  —        20-50 

Water 8*45  —          7*80 

99-80  100-00 

The  abore  nnmbers  indicate  that  this  substance  is  a  dihjdrated 
oaibonate  of  copper,  of  which  the  composition  is  represented  by 
^^le  formula  2  (CnO,  COs)  +  HO.  Carbonate  of  copper  is  adyan- 
tageouslj  employed  to  mix  with  the  yarions  sulphides  of  copper, 
during  the  operation  of  smelting,  and  for  which  it  serves  as  an 
economical  and  effective  flux.  It  is  also  employed  a^  a  green 
pigment,  for  the  use  of  artists,  affords  a  valuable  material  for  the 
manufiMture  of  the  various  salts  of  copper,  and  is  particularly 
ad^yted  for  being  converted  into  Boman  vitriol,  by  solution  in 
dilate  sulphuric  acid,  and  subsequent  crystallisation. 

oiiMv  mbMndi  cMmOirtBg  €«np«% — The  other  minerals,  of  the 
composition  of  which  copper  forms  an  essential  ingredient,  are 
extremely  numerous  and  interesting ;  but  as  these  seldom  occur  in 
aofficient  quantities  to  constitute,  properly  speaking,  ores  of  this 
metal,  they  present  greater  interest  to  the  mineralogist  than  to 
the  smeltOT. 

Sdenide  of  Capper  is  a  rare  mineral,  isomorphous  in  composition 
with  the  sulphide ;  it  is  of  a  tin  or  silver-grey  colour,  is  ^ible 
Hke  the  sulphide,  and  is  readily  cut  with  a  knife.  The  arsenides 
of  copper  are  numerous,  but  of  little  importance  in  a  commercial 
point  of  view.  EuchroiUy  which  is  found  at  Libethen,  in  Hungary, 
18  an  emerald-green  mineral,  containing  33  per  cent,  of  arsenic  acid, 
and  48*0  of  oxide  of  copper*  Aphanesite  is  of  a  darker  green  colour, 
inclining  to  blue,  and  contains  30  per  cent,  of  arsenic  acid,  and 
54  of  oxide  of  copper.  This  variety  comes  from  Cornwall.  Ermite, 
from  Limerick,  in  Ireland,  occurs  in  mammillated  coatings,  is  of 
an  emerald-green  tint,  and  contains  88*8  per  cent,  of  arsenic  acid, 
and  59-4  of  oxide  of  copper.  Copper  mica,  found  in  Cornwall,  and 
Hungary,  is  of  a  grass-green  colour,  and  occurs  in  remarkably 
thin  lazninse :  it  contains  21  per  cent,  of  arsenic  acid,  and  56-4  of 
oxide  of  copper.  Ccndurrite  is  an  arseniosulphide  of  copper  of  a 
greenish  black  or  blue  colour,  and  is  chiefly  found  in  the  mines 
of  Cornwall. 

Of  the  phosphates  of  copper  there  are  three  distinct  varieties — 
PseudO' Malachite,  Lxbethenitej  and  ThromboHte.  The  first  is 
found  in  some  parts  of  Hungary,  and  at  Bonn  on  the  Ehine  ;  it 
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18  of  a  dark  or  emerald-green  oolour,  and  oocors  either  in  Terr 
oblique  crystalB,  or  as  a  massive  incrustation  on  the  sur&oe  oi 
other  minerals.  The  second,  specimens  of  which  are  found  in 
Hungary  and  Cornwall,  is  a  dark  or  olive-green  substance,  oocnr- 
ring  either  massive  or  in  slender  prismatic  crystals,  containing 
64  per  cent,  of  oxide  of  copper.  The  third  and  last  variety  is  a 
green  phosphate,  occurring  in  Hungary,  and  containing  onlj  39 
per  cent,  of  oxide  of  copper. 

Sulphate  of  Capper  is  found  in  a  crystallised  state  in  man j  of 
the  mines  fixmi  which  copper  pyrites,  and  the  other  aalphid^  of 
copper,  are  obtained.  This  salt,  when  produced  by  natoral  canseBy 
resembles  in  every  respect  that  obtained  by  artificial  means ;  it 
crystallises  according  to  the  sixth  crystalline  system,  has  a  fine 
blue  oolour,  and  ia  mrmed  by  the  decomposition  of  the  other  area 
of  copper. 

Ataocamte. — Chloride  of  oopper  is  a  mineral  of  a  green,  or 
greenish  black  colour,  and  adamantine  or  vitreous  lustre.  It 
occurs  in  massive  firagments,  in  rhombic  prisms  and  reetangidar 
octahedrons,  which  give  off  fumes  of  hydrochloric  add  gas  when 
heated  before  the  blowpipe.  This  compound  is  found  in  Sttmnj, 
the  neighbourliood  of  Vesuvius,  and  the  desert  of  Atacama^ 
between  Chili  and  Peru.  In  Chili  this  minimal  is  ground  into 
powder,  and  sold  under  the  name  of  aneniUlo^  as  a  sand  for  dosi* 
ing  letters. 

The  other  minerals  containing  copper  are  rare,  and  are, 
quently,  not  treated  as  a  source  of  the  metal  th^  contain. 


SSTIMATIOK  OF  COPfEfi,  UO)  ITS  BXPABXTIGS  SBOK  OTBDBB 
MSTAIiS. 

This  metal  is  estimated  either  in  the  state  of  metalEe  copper, 
or  of  black  oxide.  When  it  is  to  be  weighed  as  metallic  eappot, 
it  mav  be  precipitated  from  its  solutions  by  the  introduction  of  a 
bar  of  either  iron  or  zinc :  in  this  case  it  should  be  n^idly  washed 
with  distilled  water,  and  subsequently  dried  in  sueh  a  way  as  to 
protect  it  as  much  as  possible  from  the  action  of  the  air,  by  whibb 
it  is  rapidly  oxidised.  It  will,  however,  in  most  instBBWfis  be 
found  advantageous  to  convert  1^  granular  oopper  into  the  Uadc 
oxide,  by  a  continued  roasting  in  a  small  porodain  crucibla,  over 
the  flame  of  a  gas  jet,  or  spirit  lamp ;  as  it  is,  even  with  the  most 
skilful  manipulation,  extremely  difficult  to  prev^it  the  absoKptiieii 
of  a  small  quantity  of  oxygen  by  the  finely  powdered  metal,  and 
ataa,  by  increasing  the  weight  of  the  product^  vitiates  Hie  : 
obtained. 
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When  a  solutioii  contaiiiB  no  other  metal  than  copper,  it  may  he 
pnecqiitated  in  the  form  of  hjdrated  oxide,  hy  the  addition  of  a 
poper  quantity  of  pure  caustic  potash.  It  is,  however,  necessary 
'to  boil  the  liquid  for  some  tune  after  adding  the  precipitant,  as 
alao  to  precipitate  from  hot  solutions ;  as  the  hydrated  oxide  at 
£nit  thrown  down  is  by  this  means  conyerted  into  an  anhydrous 
state,  and  much  more  readily  freed  from  any  mixture  of  alkaline 
salts  by  subsequent  washing  with  hot  distilled  water.  The  oxide 
of  copper  thus  obtained  is  afterwards  dried  in  a  water-hath, 
beated  to  rednesss  in  contact  with  air,  and  then  weighed  whilst 
stfll  fibgbtly  warm,  in  order  to  prevent  the  result  from  becoming 
vitiated  by  the  absorption  of  hygroscopic  moisture.  From  the 
quantity  of  oxide  of  copper  thus  obtained,  the  weight  of  the  metal 
pzeseat  is  readily  deduced,  as  every  100  purts  of  i£is  oxide  corres- 
pcHid  to  79*8  of  metallio  cqpper. 

Gopper  is  also  frequently  precipitated  from  its  solutions  hy 
paniTJug  through  them  a  current  of  sulphuretted  hydrogen  gas,  by 
wbi^  it  is  thrown  down  in  the  fonn  of  a  si^phide :  this  is 
wadied  with  water  holding  sulphuretted  hydrogen  in  solution, 
and  after  drying  on  the  filter,  and  roasting  off  a  portion  of  the 
solpliiir  in  a  porcelain  crucible,  the  residue  is  dissolved  in  hydro- 
obkric  acid,  and  the  oxide  precipitated  by  caustic  potash  as  above 
desdibed. 

The  amotmt  of  copper  contained  in  a  great  variety  of  ores  and 
miiienii  substances,  of  which  this  metal  forms  one  of  the  con- 
stituents, may  be  detennined  with  a  considerable  approach  to 
aeeuncy  by  uie  following  process  invented  by  Pelouze. 

The  Bubstance  in  which  the  copper  is  to  be  estimated  should  he 
disBolved  in  an  acid  capable  of  effecting  its  complete  solution,  and 
an  excess  of  ammonia  afterwards  added,  by  which  the  copper  is 
rediasolved  with  the  production  of  a  characteristic  blue  colour. 
Into  i^a»  liquor,  whilst  in  a  state  of  ebullition,  a  standard  solution 
of  snlphidft  of  sodium  is  poured  from  a  graduated  burette,  which 
defcpnninfti  tiie  precipitatiDn  of  the  copper  in  the  form  of  a  dark 
brown  oxysulphide  of  that  metal,  having  the  composition  ex- 
prcsscd  by  the  f<mnula  GuO  +  5€hiS.  If  this  precipitation  be 
eflfeeted  with  proper  precautions,  and  a  Httle  ammonia  added 
from  tune  to  time,  as  the  metallic  solution  nearly  approaches 
aatontaoBL,  it  becomes  easy  to  determine  at  what  precise  period 
the  whole  of  the  copper  has  been  thrown  down,  as  the  liquor 
entitely  loses  its  blue  colour  when  the  last  traces  of  this  metal 
have  been  deposited.  If  the  liquor  contains  no  other  sub- 
stflDoe  which  can  be  precipitated  by  the  solution  of  the  alkahne 
WB^ptnde,  it  wiU  be  easy  to  calculate  the  amount  of  copper  pre* 
sent  from  the  volume  of  the  solution  poured  from  the  gra* 
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duated  burette,  as  each  divisioa  of  the  instroment  eridentiy 
corresponds  to  a  definite  and  well-ascertained  quantity  of  znotallic 
copper. 

To  determine  the  strength  of  the  test  solution  of  sulphide  of 
sodium,  a  definite  weight,  saj  one  grain  of  perfectly  pure  copper, 
should  be  dissolved  in  a  proper  quantity  of  nitric  acid,  and  to  tiiis 
liquid  ammonia  is  added,  until  the  deposit  at  first  formed  hjB 
become  entirely  redissolved,  and  a  bright  blue  solution,  free  from 
all  cloudiness,  is  obtained.  Into  this  liquor  the  s(diition  of 
sulphide  of  sodium  is  gradually  poured  from  the  burette,  in 
which  it  has  been  measitfed,  and  when  the  contents  of  the  flask 
beghis  to  lose  colour,  it  is  repeatedly  shaken,  and  again  allowed 
to  settle. 

At  this  point  of  the  operation,  the  liquid  from  the  gradnatai 
measure  is  dropped  into  the  copper  soluticm  with  the  greateat 
possible  caution,  in  order  that  the  point  at  which  the  pxecipitation 
ceases  to  take  place  may  be  noted  with  accuracy.  By  making 
two  or  three  erperiments  of  this  kind,  and  taking  the  mean  of  tlie 
results  obtained,  it  becomes  easy  to  discover  to  what  weight  of 
metallic  copper  each  of  the  divisions  on  the  graduated  bureite 
corresponds,  and  the  data  are  thus  afforded  for  the  determinslaon 
of  the  inverse  proposition,  viz.,  what  quantity  of  copper  is  con- 
tained in  a  solution  in  which  the  weight  of  that  metal  has  not 
previously  been  ascertfldned. 

If  by  way  of  an  example  we  suppose  it  has  been  ascertained  fay 
direct  experiment,  that  to  precipitate  from  its  solution  one  grain 
of  pure  copper,  280  divisions  of  the  burette  are  required,  and  that 
to  decolorize  a  given  copper  liquor  exactly  372  divisions  have 
been  employed,  it  follows  that  the  solution  in  question  contains  a 
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quantity  of  copper  corresponding  to  *— -:  :  1  gr.  or  1*32  gr. 

This  method  is  also  equally  applicable  to  solutions  containing 
other  metals  besides  copper,  as  experiment  indicates  that  the 
results  are  in  no  way  interfered  with  by  the  presence  of  eitha* 
iron,  tin,  zinc,  cadmium,  lead,  or  antimony,  as  the  alkaline  sulphide 
does  not  begin  to  react  on  these  metals  until  after  the  whole  of 
the  copper  has  been  completely  precipitated  in  the  form  of  oxj~ 
sulphide.  It  is,  however,  absolutely  necessary  that  the  iron 
should  be  peroxidised  by  the  addition  of  a  few  drops  of  nitric  acid, 
and  ebullition,  previous  to  the  supersaturation  of  the  fiqnor  by 
ammonia,  as  the  presence  of  the  protoxide  of  that  metal  materially 
interferes  with  the  result. 

On  the  addition  of  the  ammonia  to  the  Hquid  to  be  examined, 
a  deposit  of  the  oxides  of  some  of  the  other  metals  which  it  con- 
tains very  frequently  takes  place  ;  but  unless  these  are  extremdy 
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abundant,  they  are  not  found  to  vitiate  the  results,  and,  conse- 
qoentlj  do  not  leqnire  to  be  separated  by  filtration,  unless  the 
quantity  be  so  large  as  to  prevent  the  colour  of  the  liquid  from 
being  distinctly  seen. 

This  method  of  estimatmg  copper  is  not,  however,  to  be 
depended  on  in  cases  where  cobalt,  nickel,  mercury,  or  silver  are 
present ;  but  the  latter  metal  may  be  readily  eHminated  from  the 
solntion  by  the  addition  of  a  few  drops  of  hydrochloric  acid, 
which  will  cause  it  to  be  precipitated  in  the  form  of  an  insoluble 
chloride,  readily  removed  by  filtration. 

Copper  is  separated  fifom  the  alkalies,  earths,  manganese,  iron, 
chromium,  oolwlt,  nickel,  zinc,  titanium,  and  uranium,  by  passing 
a  current  of  sulphuretted  hydrogen  gas  through  their  solutions, 
after  having  first  rendered  them  slightly  add  by  the  addition  of 
hydrochloric  acid.  The  sulphide  of  copper  which  is  thus  obtained 
is  sabeequently  dissolved  in  aqua  regia,  and  the  metal  estimated 
ia  the  state  of  oxide,  in  which  form  it  is  precipitated  by  the  addi- 
tion of  pure  caustic  potash. 

Copper  may  be  separated  from  cadmium,  bismuth,  and  lead,  by 
adding  an  excess  of  carbonate  of  ammonia  to  their  solutions  in 
niiaric  add,  when  the  copper  alone  is  redissolved,  whilst  the  other 
metals  will  be  precipitated  in  an  insoluble  form.  The  same 
method  may  be  employed  for  the  separation  of  copper  frx)m 
alumina  and  the  sesqmoxides  of  iron  and  chromium,  but  the 
results  obtained  by  this  means  are  fiur  less  satisfactory  than  those 
yielded  by  passing  a  current  of  sulphuretted  hydrogen  gas  through 
the  liquid  holding  the  salts  of  these  various  metals  in  solution. 
The  best  method  of  separating  copper  from  lead  consists  in  adding 
a  small  quantity  of  sulphuric  acid  to  the  solution  of  the  two  metals 
in  nitric  acid,  and  afterwards  evaporating  the  liquor  nearly  to 
diynees  in  a  porcelain  basin,  to  expel  the  excess  of  sulphuric  add 
which  has  been  added.  The  residue  is  now  slightly  moistened 
with  nitric  add,  and  a  limited  quantity  of  boihng  water  subse- 
quently added,  by  which  the  copper  sidt  is  dissolved,  whilst  the 
msohible  sulphate  of  lead  remains  in  the  state  of  a  crystalline 
powder,  which  may  be  readily  collected  on  a  filter. 

The  s^)aration  of  copper  from  tin  is  effected  by  attacking  the 
alloy  by  nitric  add,  which  readily  dissolves  the  first  of  these 
me1»]8,  whilst  the  second  remains  in  the  form  of  insoluble  stannic 
add,  from  the  weight  of  which  the  amoimt  of  metallic  tin  origi- 
nally present  in  the  alloy  is  deduced. 

Copper  may  be  separated  from  antimony  by  a  similar  process, 
but  in  this  case  less  accurate  results  are  obtained,  on  account 
of  the  partial  sobibUity  of  this  metal  in  the  solvent  employed. 
The  separation  of  these  two  metals  may,  however,  be  more  accu- 
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lately  effected  by  the  vae  of  snlpbide  of  ammoninm,  as  the  sul- 
phide of  copper  thus  produced  b^ginBoluUe  in  an  excess  of  ihat 
precipitant,  ia  readily  collected  on  a  filter,  and  estimated  b j  the 
method  already  described,  whilst  the  sulphide  of  antimony,  whidi 
IB  soluble  in  sulphide  of  anmionium,  is  contained  in  the  filtrate, 
fixnn  which  it  is  again  precipitated  on  the  addition  of  a  few  drops 
of  hydrochloric  add. 

CLABBIFICATIOW  AOT)  ASBAT  OP  COPPEB  OBES. 

The  ores  of  copper,  although  extremdy  numerous,  may,  for 
the  purposes  of  assay,  be  all  comprehended  under  three  general 
classes. 

The  Jirst  class  consists  of  such  ores  a»  contain,  with  the  ex- 
ception of  iron,  no  other  metal  than  copper,  and  which  axe 
perfectly  firee  firom  any  admixture  of  either  sulphur,  selenium,  or 
arsenic. 

The  second  comprehends  those  ores  which  do  not  contaiii, 
besides  copper,  any  other  metal  except  iron,  but  in  which  either 
sulphur  or  selenium  is  present  in  greater  or  less  proportion. 

The  third  class  is  composed  of  such  cupreous  minerals  aa,  b&- 
sides  sulphur  or  selenium,  also  contain  various  other  metijain 
addition  to  iron. 

The  apparatus  best  adapted  for  the  assay  of  copper  ores  is  a 
small  air  fiimace,  very  nearly  resembling  in  form  and  gesnenl 
arrangement  that  employed  in  conducting  iron  assays,  and  r^vie- 
sented  at  page  212  ;  but  as  the  temperature  required  to  effects 
reduction  and  fiision  of  the  latter  is  much  greater  than  that 
necessary  to  liquefy  the  former,  the  size  of  the  fire-place  may  be 
proportionately  diminished. 

For  the  purpose  of  assaying  copper,  a  furnace,  having  a  depth 
of  16  inches  fix)m  the  bars  to  the  level  of  the  fire-tile  by  which  it 
is  closed,  will  be  found  amply  sufficient ;  each  of  the  sides  of  the 
arrangement  may  measure  from  eight  to  ten  inches,  and  the  fuel 
employed  should  be  good  firm  coke,  broken  into  pieces  a  litiie 
larger  than  eggs. 

The  mass  of  brick-work  in  which  the  fire-place  is  enclosed  ia 
built  to  such  a  height  from  the  floor  of  the  laboratoiy  as  to  admit 
of  the  operator  being  able  to  observe  easily  all  that  is  going  an 
within  his  crucible,  and  ought  either  to  be  well  boimd  together  by 
an  arrangement  of  iron  bolts  and  ties,  or  be  secured  firom  too 
great  expansion  by  cast  iron  plates  firmly  connected  together. 
The  chimney  must  be  provided  with  a  damper  for  the  regulation 
of  the  draught ;  and  the  furnace,  when  in  action,  is  covered  either 
with  a  fire-tile  or  thick  cast  iron  plate. 
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Aammj  •f  9n»  9t  Ae  Fint  ciufc — ^When  the  ores  belonging 
to  this  class  are  moderately  rich,  their  assay  is  attended  with  but 
little  difficulty,  and  usually  affords  satis&ctoiy  results.  The 
mineral  is  first  pounded  sufficiently  fine  in  a  mortar,  and,  after 
bein^  well  mixed  to  insure  perfect  uniformity  of  composition,  is 
intamately  blended  with  about  three  times  its  weight  of  black  flux.^ 
The  mixture  is  now  placed  in  a  crucible,  which  should  not  be  more 
than  one^half  filled,  in  order  to  prevent  any  loss  fifom  the  expan- 
aioii  of  the  pasty  mass  when  slxongly  heated,  and  on  the  top  is 
spread  a  thin  layer  of  pure  black  flux,  without  any  admixture  of 
the  ore  to  be  treated. 

The  crucible  and  its  contents  are  now  placed  in  the  finmace, 
which  must  be  previously  lighted  for  a  short  time,  in  order  that  it 
may  be  well  heated,  and  is  iJlowed  to  remain  uncovered  until  the 
ore  and  flux  have  become  reduced  to  a  state  of  almost  tranquil 
fusion  at  the  bottom  of  the  pot.  This  usually  occurs  at  the  ex- 
piration  of  about  fifteen  or  twenty  minutes  after  the  introduction 
of  the  assay  into  the  fire,  and  the  crucible  is  then  closed  with  an 
earthen  cover,  and  the  damper  fiilly  opened,  so  as  to  subject  it 
during  another  ten  or  fifteen  minutes  to  the  highest  heat  of  the 
furnace.  The  crucible  is  now  withdrawn  from  the  fire  by  means 
of  proper  tongs,  and  tapped  slightly  against  some  hard  substance, 
such  as  the  brick-work  of  the  fiimace,  in  order  that  any  small 
buttons  of  metal  retained  in  the  slag  may  fall  to  the  bottom  and 
unite  into  one  sohd  and  well-formed  mass :  this,  when  it  has 
sufficiently  cooled,  is  extracted  by  breaking  the  crucible. 

The  quantity  of  ore  operated  on  for  the  purpose  of  assay  depends 
on  the  richness  of  the  minerals  to  be  treated ;  but  in  most  instances 
2CX)  grains  will,  for  commercial  purposes,  be  found  a  very  con- 
Tenient  amount. 

When  these  ores  do  not  contain  a  large  per-centage  of  copper, 
and  are  consequently  much  contaminated  with  earthy  and  other 
impurities,  it  is  found  extremely  difficult  to  extract  the  whole  of 
the  copper  by  the  method  above  described,  as  a  large  proportion  of 
the  metal  present  is  retained  by  the  flux  either  in  a  state  oi  che- 
mical combination  or  as  small  globules,  which  are  prevented  from 
uniting  in  a  uniform  button  by  the  viscidity  of  the  slag  in  which 
th^  are  imbedded. 

Li  this  case  experience  has  shown  that  the  best  results  are 
obtained  by  adding  to  the  mineral  a  proper  quantity  of  sulphur, 
and  then  fusing  for  matt  in  the  way  shortly  to  be  described  with 
reference  to  CSass  2,  and  subsequently  roasting  and  fluxing  the 
regulus  obtained  as  though  a  natural  sulphide  of  copper  were 

1  Black  flux  IS  prepared  by  heating  together  in  a  large  cmdble  1  part  of  nitre 
«ad  2  paitB  of  crude  tartar. 
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originally  operated  on.  This  method  of  manipulation  has  the  dis- 
advantage of  requiring  the  expenditure  of  much  more  time  than 
the  direct  fusion  of  the  ore  with  black  flux ;  but  when  the  mineral 
treated  contains  less  than  from  10  to  15  per  cent,  of  metallic 
o(^per,  the  results  obtained  by  the  latter  process  are  found  to  be 
much  higher  than  those  resulting  from  the  direct  fusion  and 
reduction  of  the  mineral  in  the  way  usually  recommended. 

On  examining  the  button  obtained  by  the  direct  reduction  of 
the  Tarious  ores  belonging  to  the  first  class,  it  will  almost  invari- 
ably be  found  that  they  are  covered  on  the  sur&ce  with  a  thin 
layer  of  matt  or  regulus  produced  by  the  presence  of  minute 
portions  of  sulphur  in  the  original  ore ;  and  it  is  therefore  not 
unfi^quently  found  necessaiy  to  subject  them  to  the  process  of 
roasting  before  proceeding  to  their  fusion,  with  the  adoption  of  a 
proper  quantity  of  some  reducing  agent,  such  as  tartar  or  black 
flux :  it  consequently  follows  that  in  such  cases  the  time  occupied 
by  the  assay  will  not  be  materially  prolonged  by  the  previous 
fusion  with  sulphur,  whilst  the  result  obtSned  is  much  more 
satisfactory.  This  method,  although  it  at  first  sight  appears  ex- 
tremely rude  and  unscientific,  is  nevertheless  universally  followed 
by  the  Cornish  assayers,  by  whose  results  the  price  of  the  copper 
ores  sold  in  that  county  are  invariably  determined.  The  treat- 
ment of  the  regulus  thus  obtained  will  be  described  when  treating 
of  the  assay  of  the  different  minerals  belonging  to  the  second 
class. 

In  order  to  ascertain  the  amount  of  copper  contained  in  the 
slags  resulting  from  the  metallurgic  treatment  of  copper  ores,  it 
is  usual  to  employ  the  hmnid  method  of  determination,  as  they 
are  commonly  too  poor  to  give  a  distinct  button  of  copper  at 
the  temperature  of  an  ordinary  assay,  and,  when  too  strongly 
heated,  yield  an  alloy  of  iron  and  copper,  caused  by  the  simulta- 
neous reduction  of  the  copper  and  a  portion  of  the  protoxide  of 
iron  forming  one  of  the  essential  constituents  of  these  fiisible 
silicates. 

When  slags  are  readily  acted  on  by  acids,  they  should,  after 
being  properly  pulverised  and  passed  through  a  fine  lawn  sieve, 
be  attacked  by  hydrochloric  acid,  or,  if  this  reagent  be  not  suffi- 
cientlv  powerful,  by  strong  aqua  r^a.  After  having  heated  the 
flask  m  which  the  attack  is  being  made  until  all  chemical  action 
appears  to  have  ceased,  its  contents  are  careftdly  transferred  into 
a  porcelain  evaporating  basin,  where  they  are  reduced  to  diyn^s 
for  the  purpose  of  rendering  the  silica  completely  insoluble.  The 
residue  is  now  first  moistened  with  hydrochloric  acid,  which  is 
afterwards  diluted  with  water,  and  the  soluble  portions  separated 
from  those  which  are  not  dissolved  by  filtration.    The  filtrate 
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obtained  contams  the  whole  of  the  copper  present  in  the  sub- 
stance, and  which,  with  proper  precautions,  may  be  estimated 
either  by  precipitation  with  a  bar  of  iron  or  zinc,  by  sulphuretted 
hydrogen,  or  by  the  method  of  Pelouze. 

Ammj  •£  Ore%  &c.  bd^nglMg  f  the  Sec«Hil  CUMk — The  mine- 
rals belonging  to  this  class  are  either  sulphides  or  sulphates,  and 
may  occasionally  contain  selenium. 

Faaon/or  B^itdua  or  Matt. — This  operation  is  extremely  simple, 
and  consists  in  strongly  heating  the  ore  with  substances  capable 
of  determining  its  fusion,  and  &e  separation  of  its  earthy  impuri- 
ties or  gangue,  together  with  the  elimination  of  a  portion  of  its 
sulphur.  These  conditions  are  better  fulfilled  by  a  mixture  of 
nitre  and  borax  than  by  any  other  flux,  as,  with  a  proper  quantity 
of  these  reagents,  all  llie  ores  belonging  to  the  second  class  are 
readily  fused  at  a  dull  red  heat,  with  the  production  of  a  vitreous 
slag,  and  the  formation  of  a  neat  and  well-defined  button  of  matt 
at  the  bottom  of  the  crucible.  For  this  operation  naked  pots  are 
usually  employed,  and  the  button  is  obtained  by  brealang  the 
crucible  after  it  has  been  allowed  to  cool.  Ghreat  precaution  is, 
however,  necessary  in  this  case  to  enable  the  whole  of  the  matt 
being  collected  without  loss,,  as  it  is  exceedingly  brittle,  and  is 
liable  to  adhere  somewhat  firmly  to  the  sides  of  the  pot,  from 
which  it  is  not  readily  detached.  This  inconvenience  may  be 
avoided  by  the  use  of  a  lined  crucible  similar  to  those  employed 
in  the  assay  of  iron  ores ;  but  in  my  own  practice  I  have  invari- 
ably found  it  much  more  convenient  and  expeditious  to  effect  the 
fusion  in  a  conmion  earthen  pot,  and,  when  the  contents  are  in  a 
perfect  state  of  fusion,  to  pour  them  rapidly  into  a  cast  iron  mould 
having  interiorly  an  elliptical  form. 

By  operating  in  this  way,  the  earthen  pot  is  not  only  econo- 
mised as  being  preserved  for  several  successive  fusions,  but  the 
button  found  at  the  bottom  of  the  mould  is,  with  its  adhering 
slag,  readily  removed,  when  cold,  by  turning  it  over  and  giving  it 
two  or  three  smart  taps  against  some  hard  body.  The  subsequent 
separation  of  the  regulus  from  the  vitreous  scorifo  above  it,  is 
easily  effected  by  the  use  of  a  small  chisel-edged  hammer ;  and  a 
sheet  of  brown  paper  should  be  placed  beneath  the  button  whilst 
being  thus  detached,  in  order  to  collect  any  firagments  of  the 
sxdphide  which  may  be  accidentally  broken  off. 

When  extremely  poor  ores  are  operated  on,  it  is  advisable  to 
employ  a  lined  crucible,  but  in  all  other  cases  this  is  by  no  means 
requisite. 

The  regulus  thus  produced  consists  of  sulphides  containing  a 
small  amount  of  sulphur  only ;  and,  as  the  ores  of  copper  are 
composed  of  the  higher  sulphides,  it  follows  that  a  certain  portion 


842  COPFEB. 

of  the  combined  sulphur  has  been  removed  during  the  process  d 
fusion,  and,  consequently,  the  difference  between  the  weight  of 
the  ore  originally  operated  on  and  that  of  the  button  of  matt 
found,  will  not  represent  the  weight  of  gangoe  with  which  the 
mineral  was  originally  associated. 

Assc^  far  Copper, — To  obtain  copper  from  the  eras  of  that 
metal  containing  sulphur,  it  is  necessary  that  this  substance 
should  be  expelled  by  roasting,  before  attempting  to  reduce  i^ 
copper  to  the  metallic  state  by  deoxidising  fluxes.  It  is  also  of 
the  greatest  importance  that  this  elimination  should  be  moat 
oommetely  effected,  since,  if  any  traces  either  of  sulphur  or 
sulphuric  acid  were  allowed  to  remain,  the  slags  would  retain  a 
portion  of  copper,  and  the  results  be  considerably  vitiated. 

When  the  ores  are  moderately  rich,  and  produce  from  20  to 
35  per  cent,  of  metallic  copper,  the  roasting  and  subsequent  re- 
duction of  the  metal  may  be  made  either  directly  on  the  ore  itself 
or  on  the  matt  obtained  from  the  fusion  for  regulus.  In  the  case, 
however,  of  poor  ores,  such  as  those  of  Cornwall,  which  only 
contain  from  8  to  10  per  cent,  of  metal,  it  is  &r  better  first  to 
obtain  a  button  of  regulus  by  the  process  described  in  referenee  to 
the  poorer  minerals  belonging  to  the  first  class,  and  sft^waids 
treat  this  for  the  copper  which  it  contains  by  sul»equent  roasting 
and  reduction. 

If  these  poor  ores  were  directly  roasted  and  reduced,  the  large 
quantities  of  earthy  impurities  present  would  be  found  to  interfere 
materially  with  the  expulsion  of  the  sulphur,  both  by  mechanically 
protecting  it  firom  the  action  of  the  air,  and  also  by  affording 
other  bodies  with  which  it  may  form  new  combinations  and  give 
rise  to  various  sulphides  and  sulphates. 

In  the  fusion  of  calcined  ores  with  reducing  flux,  the  presence 
of  large  quantities  of  earthy  impurities  is  also  extremely  prejudicial 
to  the  success  of  the  operation,  as  the  slags  produced  are  thereby 
rendered  infusible  and  viscid,  and,  consequently,  retain  poriaons  of 
the  metal  both  in  a  combined  state  and  in  the  form  of  minute 
fflobules,  which  are  unable,  firom  the  impermeability  of  themafis,  to 
mil  down  and  collect  in  one  button  at  the  bottom  of  the  crucibLe. 

The  roajstin^  of  the  ore  or  fused  r^ulus  is  conducted  in  l^e 
same  crucible  m  which  its  subsequent  fusion  with  the  reducing 
flux  is  to  take  place,  and,  at  the  commencement  of  the  operation, 
care  is  to  be  taJcen  not  to  agglutinate  the  pounded  sulphide  by 
the  application  of  too  strong  a  heat.  To  conduct  this  operation 
with  certainty,  the  ore  or  r^ulus  should  be  first  finely  powdered 
in  an  iron  mortar,  and  then  placed  in  an  earthen  crucible,  which 
is  arranged  in  an  inclined  position  on  the  coke  of  a  fiimace,  of 
which  the  draught  should  be  almost  entirely  cut  off  by  the  damper. 
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A  vefj  moderate  heat  is  by  this  means  obtained,  and  the  ore  must 
be  kept  oontinually  sturred  with  a  slender  steel  rod,  so  that  every 
portide  may  haye  been  in  its  turn  exposed  to  the  oxidising 
influences  of  the  atmosphere.  When  a  certain  portion  of  the 
solphur  has  been  thus  eliminated,  and  a  correspondm^  quantity  of 
ox^  formed,  the  orudble  may  be  without  inconyemenoe  heated 
to  redness. 

At  this  stage  of  the  operation  it  is  found  adyantageous  to  heat 
fitmi  time  to  time  the  half-roasted  mass  to  full  redness,  as  by  this 
treatment  the  sulphides  and  sulphates  are  reduced  to  the  8l»te  of 
oxide  through  the  elimination  of  the  sulphurous  acid  which  is 
genemted  by  their  mutual  reaction. 

When  sulphurous  add  is  no  longer  eyobred,  and  the  process  of 
roasting  is  consequently  &r  adyanced,  the  h^t  should  for  some 
minutes  be  raised  to  whiteness,  in  order  to  decompose  the  sul- 
phates ;  and  after  this  is  effected,  the  crucible  is  withdrawn  from 
the  fire  and  allowed  to  cool. 

To  reduce  the  roasted  ore  to  the  metallic  state,  it  must  be  inti- 
mately mixed  with  from  three  to  four  times  its  weight  of  black 
flax,  and,  afW  being  again  placed  in  the  crucible  in  which  the 
roasting  was  effected,  and  ooyered  with  a  layer  of  about  half  an 
inch  of  fused  borax,  its  fusion  is  accomphsh^  by  exposure  during 
twenty  minutes  to  the  heat  of  a  small  wind  furnace. 

Instead  of  simply  fusing  with  the  addition  of  black  flux  and 
borax,  the  contents  of  the  crucible  may  be  intimately  mixed  with 
a  fourth  of  its  weight  of  lime,  firom  10  to  20  per  cent,  (according 
to  the  richness  of  the  ore)  of  finely  powdered  charcoal,  and  one 
and  a  half  times  its  weight  of  soda-ash :  this  mixture,  when  inti- 
mately blended,  is  introduced  into  the  crucible  in  which  the  ore 
was  roasted,  and,  after  being  slightly  pressed  down,  is  coyered 
with  a  layer  of  about  100  grains  of  dned  borax. 

The  open  crucible,  when  thus  prepared,  is  introduced  into  the 
fire,  and  exposed  during  a  quarter  of  an  hour  to  a  red  heat.  At 
the  expiration  of  this  time  the  intumescence  of  the  contents  of 
the  pot  will  haye  entirely  ceased,  and  it  must  now  be  covered 
with  an  earthen  Ud  and  exposed  to  a  bright  red  heat  bordering 
on  whiteness  for  another  quarter  of  an  hour.  The  reduction  and 
fusion  of  the  ore  will  be  now  fully  effected,  and  the  crucible  and 
its  contents  must  be  removed  from  the  furnace  by  the  use  of 
proper  tongs. 

To  obta^  the  button  of  metal,  the  contents  may  be  either 
rapidly  transferred  into  the  mould  before  described,  or  if  it  be 
preferred,  the  crucible  can  be  allowed  to  cool,  and  being  afterwards 
broken,  the  slag  and  other  adhering  substances  may  be  removed 
with  a  hammer. 
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In  most  instances  the  roasting  of  minerals  belonging  to  tiiis 
class  may  be  conducted  without  £fficulty,  as  the  only  case  neces* 
sary  is  to  prevent  the  agglutination  of  the  particles  by  the  tspj^ 
cation  of  too  strong  a  h^  at  the  commencement  of  the  <^ieratiaii. 
If,  however,  the  button  obtained  has  not  a  bright  metallic  aorfaee, 
but  is  covered  with  a  hvyer  of  matt  of  a  greater  or  less  tbicJmeasy 
it  is  sufficient  evidence  that  the  whole  of  the  sulphur  baa  not  beeo 
expelled,  and  consequently  that  another  assay,  preceded  by  a  mcRB 
careM  roasting,  must  be  made. 

To  assist  in  the  elimination  of  the  last  traces  of  sulphur,  which 
in  the  form  of  sulphate  is  apt  in  some  instances  to  be  retained 
with  considerable  obstinacy,  Mr.  Mitchell  recommends  tiist  at 
the  close  of  the  operation,  ami  whilst  the  crucible  and  its  oontents 
still  remain  red-hot,  a  quantity  of  pulverised  carbonate  of  ammonia, 
equal  in  weight  to  one-tenth  the  total  quantity  of  ore  employed, 
should  be  ^adually  and  carefully  added,  and  th(»x)ughly  ineoc^ 
porated  by  stirring,  with  the  roasted  mineral. 

By  this  treatment  the  various  sulphates  formed  are  rea£Iy 
decomposed  with  formation  of  sulphate  of  ammonia,  whidi,  heang 
a  volatile  salt,  is  at  once  carried  off  in  the  state  of  vapour,  and 
every  trace  of  sulphur  completely  removed. 

This  injection  of  carbonate  of  ammonia  into  the  pot  is,  however, 
attended  with  inconvenience,  as  the  n^d  evolution  of  vapoor 
which  takes  place  on  its  coming  in  contact  with  the  highly  hnted 
ore,  invariably  causes  a  considerable  loss,  by  carrying  off  with  it 
some  of  the  mineral  in  a  finely  divided  state ;  and  it  is  therefore 
generally  best  not  to  have  recourse  to  this  salt,  particularly  as 
with  proper  care  the  whole  of  the  sulphur  may  be  entirely  elimi* 
nated  by  the  alternate  heatings  and  roastings  already  described. 

The  sulphates  of  copper  are  completely  decomposed  by  heat, 
and  are  therefore  readily  assayed,  by  first  ^ving  off  the  sulphuric 
acid  by  heating  to  whiteness  in  an  earthen  crucible,  and  sabse- 
quently  fusing  the  residue  in  the  same  pot  with  a  due  admixture 
(say  three  parts)  of  black  flux.  Instead  of  black  flux,  the  mixture 
of  lime,  charcoal,  carbonate  of  soda,  and  borax,  described  with 
reference  to  the  roasted  sulphides  belonging  to  this  class,  may  be 
employed. 

The  sulphates  of  copper,  being  soluble  salts,  are  very  readily 
assayed  by  the  wet  way,  as  they  may  be  at  once  dissolved  in 
water,  and  the  metal  thrown  down  fixim  the  filtered  liquid  by 
the  introduction  of  a  bar  of  either  iron  or  zinc.  The  resulting 
metallic  copper,  after  being  washed  in  dilute  hydrochloric  acid  to 
remove  any  adhering  subsalt  of  iron,  if  the  precipitation  has  been 
effected  by  the  use  of  that  metal,  may,  when  thoroughly  washed, 
be  either  dried  at  a  low  temperature,  and  weighed  as  metallic 
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copper,  or  be  estimated  as  oxide  uStest  being  carefoUj  loasted  with 
free  access  of  air. 

•  ■■■r  •f  Otm  9f  the  Third  €1bm»— The  minerals  belonging  to 
this  claas  are  to  be  treated  in  a  similar  way  to  those  of  the  second, 
bat  the  preHminaiy  roasting  will,  &om  the  great  Aisibih W  of  these 
oiea,  reqmre  to  be  conducted  with  some  precaution,  and  the  button 
obtauned  by  the  reduction  of  the  calcined  ore,  instead  of  being,  as 
in  the  farmer  cases,  pure  copper,  will  consist  of  an  aUoj  of  that 
meta]  with  the  other  metallic  substances. 

When  the  ore  contains  lead,  the  process  of  roasting  must  be 
condiicted  with  the  greatest  care,  as  it  is  then  extremely  difficult 
so  to  moderate  the  heat  as  to  expel  the  arsenic  and  sulphur,  and 
at  the  same  time  prevent  the  agglomeration  of  the  powder. 

In  every  instance  the  assay  of  minerals  belonging  to  this  class 
should  be  commenced  by  a  Vision  for  matt,  as  by  operating  in  this 
way  the  sulphides  are  not  only  reduced  to  a  minimum  state  of  sul- 
j^nration,  but  a  veiy  large  proportion  of  the  associated  arsenic 
IS  also  driven  off. 

When  an  ore  contains  an  arsenide  of  copper,  a  certain  portion 
of  arsenic  is  evolved  during  the  process  of  roasting,  and  copper, 
oxide  of  copper,  and  arseniate  of  copper,  are  the  first  results.  On 
being  strongly  heated,  the  arseniate  of  copper  formed,  and  the 
undeoomposed  arsenide,  react  on  each  other,  and  arsenious  acid  is 
evolved.  When,  however,  the  whole  of  the  arsenide  present  has 
been  decomposed,  no  further  elimination  of  arsenic  can  be  so 
effected,  and  it  becomes  necessary  to  heat  the  half-roasted  ore  to 
bcight  redness,  with  the  addition  of  powdered  charcoal,  which 
again  gives  rise  to  the  expulsion  of  a  fresh  portion  of  arsenious. 
add,  produced  by  the  deoxidation  of  the  arseniates  formed. 

By  repeatedly  acting  in  this  way,  a  very  large  proportion  of 
the  anenic  present  may  be  got  rid  of,  but  a  small  quantity  will 
invariably  be  retained  in  the  mixture,  and  contaminate  the  button 
of  copper  resulting  from  its  subsequent  treatment. 

The  purification  of  the  alloy  obtained  is  now  to  be  effected  by 
a  process  called  refining.  This  operation  has  for  its  object  the 
aqpoiation  of  all  the  more  oxidisable  metals  with  which  the  cop- 
per is  associated,  and  is  carried  on  in  an  ordinary  muffle  furnace. 
Ab  a  support  for  the  button  of  alloy,  a  bone-ash  cupel  is  often 
employe^  and  as  a  considerable  degree  of  heat  is  required,  the 
foriiaoe  should  have  a  good  draught.  When  the  furnace  and 
copel  have  become  heated  to  bright  redness,  the  button  of  impure 
copper  is  introduced  with  proper  tongs,  and  the  opening  of  the 
muffle  closed  during  a  few  minutes  with  its  stopper,  in  order  to 
ezdade  the  air,  and  cause,  by  the  temporary  devation  of  tem- 
perature, the  fusion  of  the  metal. 
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When  the  button  has  become  melted,  and  the  door  has  been 
again  removed  from  the  mouth  of  the..muffle,  the  addition  of  & 
little  pure  lead  is  made  to  the  fluid  alloy,  and  the  operation  of 
refining  at  onoe  begins.  The  lead,  the  combined  metals,  and  « 
portion  of  the  copper  itself,  are  thus  oxidised,  and  form  a  fbsifafe 
compound  which  surrounds  the  central  globule  of  metallic  copper, 
and  IS  graduall J  absorbed :  the  button  now  appears  to  be  agitated 
by  a  rapid  rotatory  motion,  and  is  constantly  covered  by  a  brilliant 
iridescent  pellicle.  At  the  point  at  which  the  process  of  refinii^ 
is  about  to  terminate,  this  movement  becomes  more  n^d,  and  the 
cobur  of  the  coating  of  oxide  grows  brighter,  but  the  button  of 
metal  soon  becomes  suddenly  consolidated,  and  the  pelEde  of 
oxide  at  the  same  time  entirely  disappears. 

These  appearances  constitute  what  is  called  the  brightening  of 
the  button,  which,  with  the  cupel  on  which  it  is  supported,  may 
be  at  once  removed  from  the  muffle. 

The  refined  metal,  when  taken  from  the  cupel,  is  invariably 
covered  with  a  coating  of  oxide,  which  is  extremely  difficult  to 
remove  when  the  cooli^  has  been  allowed  to  take  place  gradually, 
but  if,  on  withdrawing  the  button  and  its  support  from  the  for- 
nace,  they  be  immediately  plimged  into  water,  the  oxidised  oooting 
becomes  so  far  detached  as  to  admit  of  being  easily  removed  by  a 
few  bbws  of  a  light  hammer. 

The  cleansing  of  the  refined  metal  is  still  further  facilitated  by 
throwing  on  the  button,  immediately  after  it  has  brightened,  and 
before  removing  it  frx»n  the  muffle,  about  seven  per  cent,  of  viM- 
fied  borax,  in  fine  powder.  The  covering  of  fused  borate  of  soda 
with  which  it  is  in  this  case  covered,  will  be  found  extremdy 
brittle,  and  but  slightly  attached  to  its  surface,  as  the  first  blow 
of  a  hammer  is,  in  most  instances,  sufficient  for  its  removal.  The 
same  results  may  be  obtained  by  plimging  the  button,  whilst  red 
hot,  in  a  weak  solution  of  phosphate  of  soda.  The  resulting 
copper,  if  perfectly  refined,  should  be  very  malleable,  and  have  a 
fuU-red  colour. 

The  per-centage  amount  of  copper  contained  in  the  button  of 
alloy  cannot,  however,  be  directly  deduced  from  the  weight  of 
refined  metal  obtained,  as  a  portion  of  copper  is  not  only  carried 
ofiTin  the  state  of  oxide  with  the  lead  and  other  metals,  and  con* 
sequently  absorbed  in  the  cupel,  but  a  certain  quantity  is  likewise 
expended  in  the  formation  of  the  coating  of  oxide  or  borate  with 
which  its  surface  is  invariably  covered.  With  regard  to  the  cop- 
per ores  thus  treated,  two  distinct  cases  may  occur ;  they  may 
either  contain  lead,  or  be  entirely  free  from  all  mixture  of  that 
metal.  When  none  is  present,  a  tenth  part  of  lead  is  added,  in 
successive  portions,  imtil  the  copper  be  pure.     To  determine  the 
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twoe  proportdon  of  copper  contaioed  in  the  alloy,  Bertbier  recom- 
mends that  one-eleventh  of  the  weight  of  all  oxidisable  metals, 
incliiding  the  lead  added,  and  one-tenth  of  the  weight  of  the 
borax  thrown  on  the  cupel,  shonld  be  added  to  that  of  the  assay 
bafeton  obtained.  This,  howcTer,  thon^  sufficiently  near  the 
truth  for  many  practical  purposes,  cannot  be  rigorously  exact, 
as  the  loss  experienced  must  depend,  not  only  on  the  amount  of 
oxidisable  metals  present,  but  also  «n  the  nature  of  these  metals, 
«nd  the  degree  of  heat  to  which  the  button  may  have  been  sub- 
jected during  the  process  of  refining. 

"When  copper  is  associated  with  lead,  it  may  either  be  present 
in  too  small  proportion  for  the  purposes  of  refining,  or  may  be 
sufficient,  or  too  much,  for  immediate  treatment  on  the  cupel.  In 
the  first  case  lead  must  be  added  by  tenths,  uniil  the  copper 
Teniains  pure ;  in  the  second  it  becomes  unnecessary  to  make  any 
addition ;  and  in  the  third  instance  a  weighed  quantity  of  fine 
copper  must  be  supplied ;  after  which  the  assay  is  conducted  with 
the  usual  precautions,  and  the  ordinary  deductions  and  allowances 
made. 

The  proportion  of  copper  contained  in  a  button  of  alloy,  can, 
howcfver,  be  at  once  detennined,  without  making  any  of  the  sup- 
positions which  are  necessary  by  the  method  abready  described ; 
and  this  mode  of  operating  is  consequently  in  some  instances  to 
be  preferred,  particularly  when  the  alloy  examined  already  contains 
lead,  as  in  such  cases  it  is  requisite  to  determine,  with  at  least  a 
tolerable  degree  of  approximation,  the  amount  of  that  metal,  before 
being  enabled  to  allow  for  the  loss  experienced  by  the  copper. 

To  obviate  this  inconvenience,  two  cupels  should  be  placed  side 
by  side  in  a  well  heated  muffle,  and  when  sufficiently  hot,  an  equal 
quantity  of  pure  lead,  say  400  grains,  is  to  be  introduced  into  each. 
As  soon  as  this  has  become  melted,  and  presents  a  bright  even 
surfiice,  100  grains  of  pure  copper  are  added  to  the  one,  and  an 
equal  weight  of  the  alloy  to  be  examined  to  the  other.^ 

The  refining  is  now  conducted  in  the  usual  way,  and  on  weigh- 
ing the  resulting  buttons,  that  from  the  pure  copper  will  be  found 
to  be  the  heavier.  If,  then,  we  allow,  which  must  be  very  nearly 
the  case,  that  the  difference  between  the  two  weights  corresponds 
to  the  quantity  of  foreign  metal  contained  in  the  alloy,  and  that 
the  actual  quantity  of  copper  oxidised  is  the  same  in  botii  instances, 
it  follows  that  by  adding  to  the  weight  of  the  button  obtained 
from  the  alloy,  the  loss  experienced  on  the  pure  copper,  we  shall 
at  once  obtain  the  total  quantity  of  copper  originally  contained 
m  the  mixture. 

^  The  Comiah  mBBajen  invariably  refine  the  button  of  reduced  copper  obtained 
fy  ft  second  ftislon  iritli  a  mixture  of  2  parts  of  nitre  and  1  part  of  goqu&oh  salt 


848  ooppEB. 

This  assumption,  though  not  in  all  cases  strictly  oorrect,  is 
sufficientlj  exact  for  commercial  purposes,  and  affords  good  dda 
by  which  to  calculate  the  amount  of  copper  which  could  be 
extracted  from  such  alloys  by  ordinary  metalluigic  treatment* 
The  process  of  refining  will  in  every  respect  be  precisely  the  same, 
whether  the  metal  treated  be  an  artificial  alloy,  or  the  product 
of  the  immediate  reduction  of  the  roasted  ores  belonging  to  Uie 
third  class  ;  and  when  the  process  last  described  is  employed,  tbeie 
is  no  inconvenience  in  the  use  of  a  large  excess  of  lead  on  i^ 
cupel. 

BtiMMti—  mi  c*pvcr  fcy  the  Wet  Way, — ^To  assay  copper  ores 
by  the  humid  way,  they  should,  after  being  properly  pulvmsed, 
be  treated  with  aqua  regia  diluted  with  water,  and  the  liquid 
supersaturated  with  ammonia,  and  filtered.  The  precipitate  must 
also  be  washed  with  ammonia,  until  the  drops  passing  through 
the  filter  have  become  perfectly  colourless,  after  which  the  filtrate 
must  be  evi4X>rated  to  diyness,  to  expel  the  ammoniacal  salts, 
and  the  fixed  residue  dissolved  in  hydrochloric  acid,  firom  which 
solution  the  copper  is  precipitated  by  a  plate  of  iron  or  zinc,  and 
estimated  with  the  precautions  already  detailed. 

Should  the  mineral  operated  on  be  suspected  to  oontun  silvo', 
it  becomes  necessary  to  filter  the  solution  in  aqua  regia,  before 
the  addition  of  ammonia,  by  which  the  chloride  of  silver,  if  any 
were  present,  would  be  r^idily  dissolved,  and  either  cause  an 
explosion  on  evaporating  to  diyness,  or  be  reduced  together  with 
copper  to  the  metallic  state,  on  the  introduction  of  the  bar  of  iron 
or  zinc. 


METALLXmOT  OF  COPPEE. 

The  ores  most  frequently  treated  for  copper  are  the  sulphides, 
and  of  these,  copper  pyrites  is  by  £ur  the  most  abundant  and  im- 
portant. Copper  glance  and  grey  copper  ore  are  also  abundantly 
found  in  some  localities,  and  are  valuable  sources  of  this  metaL 

The  grey  ore,  or  Fahlerz,  in  many  instances  contains  silver,  and 
is  on  that  account  subjected  to  various  processes  in  order  to  effect 
its  separation. 

The  oxides  and  carbonates  are  of  more  rare  occurrence,  and  are 
for  this  reason  less  extensively  employed  for  smelting  purposes ; 
but  contain  a  much  larger  per-centage  of  metal,  and  are  conse- 
quently valuable  in  the  same  proportion.  These  ores  (the  oxides 
and  carbonates)  afford  the  metal  which  they  contain  with  great 
facility,  and  therefore  admit  of  very  simple  metallurgio  treatment. 
By  simple  fusion  in  a  small  blast  furnace  with  a  due  admixture  of 
siliceous  slags,  they  yield  a  metallic  alloy  known  by  the  name  of 


MXTALLUBaT  OF  OOFPEB.  849 

black  copper,  and  wliich,  after  being  subjected  to  a  process  of 
refining,  is  converted  into  the  ordinary  cake  copper  of  the  markets. 

The  sulphides  of  copper  are,  on  the  contrary,  extremely  diifi- 
cult  to  reduce,  and  require  several  preliminaiy  roastings  before 
this  can  be  effectuallj  accomplished.  The  object  of  this  is  to 
transform  a  large  portion  of  the  sulphides  present  into  oxides 
bj  the  oxidising  influence  of  the  air.  The  roasted  ores  are  after- 
wards fused,  either  with  siliceous  matters,  used  as  a  flux,  or  with 
other  ores  containing  a  proper  amount  of  siHca,  in  a  reverberatoiy 
fomaoe  or  cupola,  by  which  means  a  liquid  matt,  rich  in  copper, 
and  containing  a  smaller  per-centage  of  sulphur  than  the  original 
are,  is  obtained. 

Copper,  when  thus  treated,  has  a  stronger  affinity  for  sulphur 
than  the  iron  with  which  it  is  associated ;  whilst,  on  the  contrary, 
the  latter  very  readily  combines  with  oxygen,  particularly  in  the 
presence  of  silicic  acid,  by  comlnning  with  which  various  silicates 
of  the  protoxide  of  iron  are  produced.  The  oxide  of  copper 
formed  during  the  process  of  roasting  is,  from  this  cause,  enturely 
converted  into  sulphide,  at  the  expense  of  the  sulphide  of  iron 
and  fusible  silicate  of  that  metal,  and  a  fluid  matt,  rich  in  copper, 
is  the  result  of  the  operation.  The  siliceous  slag  thus  contains 
t^ie  greater  portion  of  the  iron  originally  present  in  the  pyrites, 
and  the  matt  produced  consists  of  nearly  the  whole  of  the  sul- 
phide of  copper,  together  with  traces  of  sulphide  of  iron  which 
nave  not  been  entirely  decomposed.  This  product  is  again  sub- 
jected to  a  further  roasting,  and  is  subsequently  fused  either  with 
siliceous  matter,  or  with  a  natural  carbonate  or  oxide  of  copper 
containing  a  proper  amount  of  silica.  By  these  means  another 
slag  is  obtained  at  the  expense  of  the  greater  portion  of  the  iron 
contained  in  the  first  matt,  whilst  that  which  is  now  produced 
is  still  richer  in  copper  than  that  resulting  from  the  firat  fusion 
of  the  ore.  These  operations  are  successively  repeated  until  an 
impure  black  copper  is  produced,  together  with  a  certain  portion 
of  very  rich  matt  and  a  fiisible  slag.  The  matt  thus  obtained 
is  added  to  that  produced  in  other  operations,  and  consequently 
ihe  final  result  w^  in  all  cases  be  black  copper,  which  is  after- 
wards rendered  ductile  and  malleable  by  being  subjected  to  a 
process  of  refining. 

The  details  of  the  processes  by  which  copper  is  obtained  from 
its  ores  vaiy  exceedingly  in  different  localities,  and  it  would,  there- 
fore, be  impossible,  within  the  limits  of  the  present  Treatise,  to 
describe  the  whole  of  them  with  any  degree  of  exactness  ;  I  shall 
therefoi^  ccmfine  myself  to  some  of  the  more  important  methods, 
which  may,  at  the  same  time,  be  considered  as  types  of  the  various 
classes  to  which  they  belong. 
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In  this  country,  where  more  than  one-half  of  the  copper  eon* 
sumed  in  the  world  is  annually  produced,  a  rery  complicated  sys- 
tem of  metalluigic  treatment  i»  adopted. 

The  most  important  mines  of  Great  Britain  are  t^ose  of  the 
county  of  Cornwall,  and  the  principal  establishments  for  ih^ 
metallurgic  treatment  of  copper  ores  are  situated  in  the  neigh- 
bourhood of  Swansea,  in  South  Wales.  Th6ee  smelting  woiksy 
besides  reducing  the  ores  obtained  from  the  mines  of  the  West  of 
England,  are  sdso  furnished  with  a  considerable  annual  supply 
from  various  other  countries ;  such  as  South  Australia^  dull, 
Peru,  and  the  Island  of  Cuba. 

The  minerals  treated  in  this  locality  may  be  divided  into  yarioaa 
classes  in  accordance  with  their  respective  richness  in  copper  and 
the  nature  of  the  substances  with  which  the  metal  is  associated. 

The  1st  class  consists  of  copper  pyrites  mixed  with  large 
quantities  of  iron  pyrites,  and  accompanied  with  but  a  veiy  smaD 
amount  of  either  oxide  or  carbonate  of  copper.  The  gangue 
usually  contains  much  earthy  and  siliceous  matters;  the  per- 
centage of  metals  varies  from  8  to  16  per  cent. 

2d  Class. — Copper  pyrites  having  nearly  the  same  chemical 
composition  as  the  minerals  of  the  above  class,  but  much  richer 
in  copper.  These  ores  may  contain  from  15  to  25  per  cent,  of 
metallic  copper. 

3d  Class. — Copper  pyrites  containing  but  a  small  proportion  of 
iron  pyrites,  or  any  in^-edient  liable  to  deteriorate  the  quality  of 
the  metal  produced,  but  a  larger  amount  of  the  various  oxidised 
ores  of  copper. 

4th  Class. — ^Minerals  chiefly  composed  of  the  oxides  and  car- 
bonates of  copper  mixed  with  variable  proportions  of  the  sul- 
phuretted ores  of  the  same  metal.  These  minerals,  which  are 
usually  associated  with  quartz,  contain  from  20  to  80  per  oent.  of 
pure  copper. 

5th  Class. — ^Oxidised  minerals,  extremely  rich,  free  from  sulphur 
and  all  substances  exerting  a  pernicious  influence  on  the  quality 
of  the  metal  obtained.  These  ores  frequently  contain  above  80 
per  cent,  of  copper,  which  exists  either  in  the  metallic  state  or  as 
a  mixture  of  the  carbonate  with  the  red  oxide.  These  choice 
minerals  are  associated  with  a  siliceous  gangue,  and  are  chiefly 
brought  either  from  Chili  or  South  Australia. 

The  details  of  the  different  operations  employed  for  the  reduc- 
tion of  copper  ores  by  the  Welsh  method  are  sometimes  slightiy 
varied  so  as  to  suit  the  peculiarities  of  the  various  ores  treated ; 
but  M.  Le  Play,  who  has  closely  studied  the  fabrication  of  this 
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metal  in  the  smeltmg  establishments  of  Swansea,  is  of  opinion 
that  the  whole  of  the  manipulations  practised  in  the  works  of 
that  district  may  be  comprehended  mider  the  ten  following  pro- 
oeases: — 

I. — Calcination  of  ores  of  the  first  and  second  classes. 
n. — ^Melting  for  coarse  metal,  or  fosion  of  the  roasted  ores 
with  minerals  of  the  third  class  not  calcined. 
m. — Calcmation  of  the  coarse  metal. 
IV. — ^Melting  for  white  metal,  or  fiision  of  the  coarse  metal, 
with  the  addition  of  rich  minerals  belonging  to  the 
fourth  dass. 
Y. — ^Melting  for  blue  metal,  or  fusion  of  the  calcined  coarse 
metal  with  roasted  minerals  moderately  rich  in  copper. 
VI. — ^Bemeltinff  of  slags,  or  fusion  of  the  rich  slags  obtained 

from  die  operations  IV.  Vll.  VIII. 

Vn. — ^Boasting  for  white  metal,  or  production  of  white  metal 
of  exfani  quality.    This  operation  sometimes  includes 

the  roasting  of  the  blue  metal  obtained  in  process  V. 

Vlll. — ^Boasting  for  r^ulus,  or  preparation  of  extra  white 
metal. 
IX. — ^Preparation  of  crude  copper  by  the  roasting  and  fusion 

of  ordinary  white  metal,  r^ulus,  &o. 
X. — ^Refining  and  toughening  of  the  crude  copper,  and  pro- 
duction of  malleable  metal. 

I. — The  metallurgic  treatment  of  the  ores  of  copper  commences 
I7  roasting  minerals  belonging  to  the  1st  Class  in  a  reverberatory 
fmnaoe,  of  which  ^.  145  represents  a  vertical,  and  ^,  146  a 
homontal  section  made  in  the  direction  of  the  line  a  b.  The 
bearth,  or  laboratory  of  this  furnace,  B,  which  is  16  feet  in  length 
and  13  feet  6  inches  in  width,  is  formed  of  refractory  bricks  set 
on  edge,  and  firmly  bedded  in  fire-clay.  The  arch  descends 
npidlj  fh)m  the  fire-place,  f,  to  the  flue-holes,  h,  by  which  the 
gases  of  the  frumace  escape  through  a  proper  flue  into  a  high 
<^umney.  A  current  of  cold  air  is  admitt^  into  the  apparatus 
I7  an  aperture,  c/,  which  admits  of  being  either  partially  or  entirely 
doied  bj  a  damper  sliding  in  a  groove. 

The  two  opposite  sides  of  the  furnace  are  placed  on  a  level  with 
the  hearth,  with  four  rectangular  openings  or  doors,  a,  inmiedi- 
stely  before  which,  in  the  floor  of  the  laboratory  itself,  are  situated 
fi>Qr  openings,  0,  of  nearly  the  same  size  and  form  as  the  working 
doon  of  the  furnace.  During  the  time  this  apparatus  is  in  action 
theee  are  closed  by  iron  plat^,  which  are  removed  at  the  close  of 
c^  operation  in  order  to  allow  the  roasted  charge  being  raked 
tluoQgh  them  into  the  arched  chambers,  0,  immediately  beneath. 
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The  arch  of  the  furnace,  the  mean  height  of  whicli,  from  Hie 
hearth,  &,  is  two  feet,  supports  two  large  hoppers  of  sheet  iron,  B, 
in  which  is  phM^ed  the  mineral  afterwards  to  undergo  the  process 


146. 


ZNGLISH  HSTHOD  07  OOPFEB-SKSLTIlirC^.  853 

of  Toastmg.  These  spouts  ajre  provided  with  sliding  doors  at  their 
lower  extremities,  by  the  withdrawal  of  Which  the  ore  may  be  made 
to  fall  directly  on  the  bottom  of  the  arrangement. 

The  combiLstible  employed  in  the  Welsh  Copper  Works  is  the 
anthracite  fomid  in  that  district,  which  ignites  with  considerable 
difficulty,  and  is  liable,  mider  the  influence  of  heat,  to  divide  into 
extremdy  smaU  fragments.  On  this  account,  if  consumed  on  an 
ordinary  grate,  the  fire  would  soon  become  choked  from  the  ao- 
cmnulation  of  fine  dust,  by  which  the  draught  becomes  obstructed. 
The  flame  obtained  from  this  substance  under  ordinary  circum- 
Btanoea  would,  moreover,  not  be  of  sufficient  length  to  heat  in  a 
miiforxn  manner,  in  its  whole  extent,  the  hearth  of  the  flimace.^ 

Both  these  inconveniences  are,  however,  perfectly  obviated  by  a 
very  simple  and  ingenious  contrivance,  by  which  the  friel  is  con- 
sumed on  a  grating  so  constructed  as  to  supply  it  constantly  with 
the  amoimt  of  heated  air  necessary  for  its  combustion.  The  an- 
thracite, in  beaming,  leaves  a  proportion  of  earthy  matter,  which, 
at  a  high  temperature,  is  readily  fused  into  a  siliceous  slag,  and 
with  tlos  the  smelter  forms  a  kmd  of  hollow  grate,  which  is  sup- 
ported by  a  few  bars  of  iron  placed  at  considerable  distances  from 
each  otiier.  To  prepare  a  grating  of  this  kind  some  large  frag- 
ments of  scoria  are  so  placed  on  me  bars  as  to  form  a  first  layer, 
and  on  this  the  ashes  of  the  combustible  are  allowed  to  accumulate 
in  proportion  as  they  are  produced :  by  the  frision  of  these  cinders 
numerous  fragments  of  anthracite  become  imbedded  and  aggluti- 
nated together,  and  a  kind  of  spongy  siliceous  mass,  traversed  by 
a  great  number  of  apertures,  is  the  result.  When  these  matters 
have,  through  repeated  accumulations,  become  raised  to  a  sufficient 
he^ht  flnom  the  bare,  their  further  increase  is  prevented  by  occa- 
sLonany  causing  the  fall  of  the  lower  portions  by  the  use  of  a  long 
bar  of  iron.  In  this  way  is  formed,  through  the  earthy  mass,  a 
flufficient  number  of  channels  to  yield  a  free  passage  to  the  air 
necessary  for  the  combustion  of  the  friel,  and  which,  in  passing 
tinough  the  interstices  of  the  heated  slag  itself,  acquires  a  con- 
siderable elevation  of  temperature;  these  apertures,  although 
sufficiently  numerous  for  the  passage  of  air,  are  too  small  to 
aflow  the  finely-divided  anthracite  to  descend  into  the  space  be- 
neath the  bare.  The  anthracite  used  for  friel  is  mixed  with  about 
one-fourth  part  of  its  weight  of  the  screemngs  of  a  caking,  bitu- 
minous variety  of  coal,  which  serves  to  bind  together  the  com- 
bustible, and  impart  to  it  the  necessary  degree  of  porosity. 

The  air  passing,  by  an  almost  inflnitenumber  of  channels,through 
the  stratum  of  anthracite  thus  arranged,  is  principally  converted 
into  carbonio  oxide  gas,  which,  together  with  the  nitrogen  refsult- 
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mg  from  the  deoompositioiiy  passes  over  the  fiie-bridge  into  the 
hkboratoiy  of  the  ftiniaoe.  Here  it  takes  fiie,  and  is  oonsumed  at 
the  expense  of  the  atmospheric  air  which  entm  by  the  opening,  dy 
as  well  as  by  yarioos  small  holes  left  in  the  iron  plates,  by  which 
the  lateral  openings  are  closed  during  the  roasting.  In  tiiis  wot 
the  whole  internal  cavity  of  the  furnace  is  constantly  occupied  l^ 
a  long  sheet  of  flame,  caused  by  the  ignited  carbonic  oxide  gw^ 
which  bums  on  coming  mto  contact  mm  a  stratum  of  atmospheric 
air  so  admitted  as  to  spread  inmiediately  over  the  soihce  of  the 
heartL  The  minerals  spread  on  the  sole  are  consequently  exposed 
to  a  current  of  air,  above  which  is  a  parallel  sheet  of  carbonie 
oxide  gas,  which  is  inflamed  at  its  lower  surface,  where  it  comes 
in  contact  with  the  oxidising  stratum,  and  thereby  affords  the 
amount  of  heat  necessary  to  carry  on  the  operation. 

The  working  of  a  charge  of  ore  commences  without  any  interval 
in  the  action  of  the  furnace,  and  is  begun  immediately  after  the 
withdrawal  of  the  calcined  ore  resulting  from  the  preceding  shift. 
Each  charge  varies  in  weight  from  three  to  three  and  a  half  tons, 
and  is  infaroduoed  by  withdrawing  the  sliding  dampers  from  the 
bottom  of  the  hoppers,  in  which  the  ore  is  placed  during  the  woxk- 
ing  of  the  prece^ng  parcel.  As  soon  as  it  has  been  let  down,  it  is 
spread  evenly  over  the  sur&ce  of  the  hearth,  by  long  iron  rakes, 
successively  introduced  through  the  four  working  doors,  which  are 
securely  closed  inmiediately  that  the  bottom  of  the  furnace  has  been 
properly  covered.  At  the  expiration  of  two  hours  these  are  again 
removed,  and  the  ore  is  stirred  with  long  iron  bars,  in  order  to 
expose  a  new  surface  to  the  oxidising  influences  present. 

This  operation  is  repeated  at  intervals  of  two  hours,  and  after 
the  expiration  of  twelve  hours  the  roasting  is  considered  to  be 
sufficiently  advanced.  In  order  to  withdraw  the  charge,  the  work- 
men open  the  four  working  doors,  a,  and  after  having  removed  the 
plates  of  iron  which  cover  tiie  openings,  e,  draw  the  mineral  through 
the  apertures  bv  the  use  of  iron  rakes,  and  cause  it  to  &11  into 
the  arched  chambers,  o,  from  which,  when  sufficiently  cooled  down, 
it  is  removed  in  order  to  be  charged  in  the  fusing  furnace  of  the 
next  operation. 

n. — ^This  furnace  is  represented  by  figs.  147  and  148,  of  which 
the  first  is  a  vertical,  and  the  second  a  horizontal  section.  The  fiid 
employed  for  the  fiision  of  the  roasted  ore  consists  of  a  mixture  of 
two-thirds  of  anthracite,  and  one-third  of  caking  coal  screenings, 
which,  as  in  the  former  case,  are  burned  on  a  layer  of  slag  sc^ 
ported  on  iron  bars.  The  heat  in  this  instance  also  is  produced 
by  the  combustion  of  carbonic  add  gas,  but  a  much  higher  tem- 
perature is  attained  by  a  considerabk  increase  of  drau^t.  The 
sole,  8,  is  composed  of  vitreous  slags,  and  is  so  lowered  at  the 
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point,  B,  as  to  afford  a  kind  of  internal  basin.    To  form  a  charge 
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for  this  furnace,  a  certain  amount  of  raw  mineral,  belonging  to 
the  drd  Class,  and  rich  slags  fix)m  other  operations,  are  added  to 
the  roasted  ore,  which  is  also  mixed  with  a  small  proportion  of 
fluor  spar,  for  the  purpose  of  impartmg  a  greater  degree  of  liquiditj 
to  the  scoriffi.  By  means  of  the  reactions  which  t^  place  in  this 
arrangement,  the  copper  is  made  chiefly  to  oombinej  with  the  sul- 
phur, whilst  the  iron,  uniting  with  oxygen,  is,  in  the  form  of 
variously  composed  silicates,  carried  off  in  the  slags  produced. 
In  addition  to  this,  the  oxides  and  sulphides  are  made  to  react  on 
each  other,  and  by  this  means  the  elimination  of  a  further  quantily 
of  sulphurous  acid  is  determined. 

This  operation  occupies  four  hours,  and  the  products  consist  of 
a  matt  containing  the  greater  proportion  of  the  copper  in  the  state 
of  sulphide,  combined  with  a  certain  quantity  of  sulphide  of  iron, 
and  a  slag  extremely  rich  in  oxide  of  iron,  and  containing  numer- 
ous disseminated  fragments  of  quartz,  which  gives  to  the  whole  a 
thick  pasty  oonsistcaacy.  These  slags  are  removed  by  an  iron 
rake,  through  the  door,  d,  placed  at  the  end  of  the  furnace,  oppo- 
site the  grate,  from  whence  it  falls  into  a  series  of  sand  moulds, 
H,  where  it  assumes  the  shape  of  rectangular  bricks. 

At  the  same  time  that  the  scorisB  are  being  removed,  the  tap- 
hole,  a,  is  opened,  and  the  matt  flows  in  a  small  continuous  stream 
through  the  cast  iron  channel,  a,  a,  into  the  vessel  frJl  of  water,  v, 
where  it  becomes  divided  into  shot-like  fragments.  Th^e  granu- 
lations are  collected  in  a  perforated  wrought  iron  pan,  which, 
after  the  cooling  of  the  matt,  is  withdrawn  by  the  aid  of  the 
winch,  w.  This  matt,  which  is  known  by  the  name  of  ooarse 
metal,  contains,  on  an  average,  about  85  per  cent,  of  metallic 
copper. 

The  scoriae  resulting  from  the  foregoing  operation  are  broken 
with  a  heavy  hammer,  and  subjected  to  a  careM  examination. 

Those  which  contain  a  considerable  amount  of  copper  are  pre- 
served for  the  purpose  of  being  remelted  with  other  roasted  ores, 
and  the  remainder  are  rejected  as  entirely  useless. 

III. — ^The  l^imace  employed  for  csdcining  the  granulated 
coarse  metal  has  the  same  dimensions,  and  in  every  other  respect 
exactly  resembles  that  used  for  roasting  the  crude  ore  in  the  first 
operation.  The  chief  object  of  this  calcination  is  the  oxidation  of 
the  iron  present  in  the  matt,  which  is  more  readily  effected  at  this 
stage,  from  the  almost  complete  removal  of  the  earthy  and  siliceous 
matters  by  which  the  ore  was  contaminated  at  the  period  of  the 
first  roasting. 

The  chaj^  of  each  furnace  weighs,  as  in  the  former  case,  three 
tons,  and  requires  thirty-six  hours'  exposure  to  the  oxidising 
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infitienoes  of  the  heated  gases,  before  its  caLcinatLon  has  become 
sufficiently  adyanced.  During  this  time  the  matter  on  the  floor 
of  the  furnace  is  irequentlj  turned  with  an  iron  rake,'  and  at  the 
termination  of  the  process  it  is  drawn  through  an  opening,  and 
&11b  into  a  chamber,  by  the  arched  roof  of  which  the  hesfth  of 
the  arrangement  is  supported. 

IV. — 'uie  roasted  coarse  metal  is  melted  with  a  due  admixture 
of  minerals  belonging  to  the  fourth  class:  ie,  with  such  as 
oontain  but  a  small  proportion  of  iron  pyrites,  and  are  rich  in 
oxide  and  carbonate  of  copper.  To  this  is  added  some  rich 
copper  slag,  obtained  fix)m  the  process  of  refining  to  be  hereafter 
described,  and  a  small  proportion  of  the  scales  which  ML  from 
the  rollers  by  which  the  metal  is  reduced  to  the  state  of  sheet 
copper.  The  furnace  in  which  this  fusion  is  carried  on  nearly 
resembles  that  in  which  the  calcined  ore  of  the  first  operation  is 
midted,  but  is  without  the  internal  basin  there  described.  The 
method  of  regulating  the  fire  is  also  precisely  similar,  but  in  this 
ease  it  is  sought  to  produce  a  higher  degree  of  heat,  and  the 
operation  occupies  a  longer  time  by  an  hour  than  the  fusion  for 
coarse  metal  already  described.  For  this  fusion  the  charge  should 
be  so  arranged  that  the  whole  of  the  sulphide  of  iron  present  may 
become  oxidised  at  the  expense  of  the  metallic  oxide,  and  in  the  form 
of  a  silicate  pass  directly  into  the  slags ;  whilst  on  the  other  hand 
the  ooppw  combines  with  the  sulphur  to  form  a  ^ible  sulphide. 
These  reactions  prindpaUy  take  place  after  the  matters  consti- 
tuting the  charge  have  entered  into  a  state  of  complete  fusion, 
and  appear  to  be  almost  entirely  limited  to  the  mutual  reaction 
of  the  sulphide  of  iron  and  oxide  of  copper,  as  a  veiy  small 
quantity  only  of  sulphuric  add  is  generated  and  evolved.  Towards 
the  close  of  the  operation,  the  workman  stirs  the  chai^  briskly 
with  an  iron  paddle,  and  afterwards  urges  the  fire  during  a  short 
time,  in  order  to  insure  a  proper  separation  of  the  fusmle  matt 
from  the  slag  with  which  it  is  associated.  The  tapping-hole  is 
now  unstop^d,  and  the  liquid  matt,  or  white  metal,  flows  into 
amd  moulds,  where  it  assumes  the  form  of  rectangular  cakes. 
These  operations  occupy  from  five  to  six  hours,  and  the  scorise 
which  foUow  the  sulphides,  in  flowing  from  the  fiirnaoe,  are  divided 
by  caiefiil  hand-picking  into  two  classes.  Those  which  are  rich 
in  metal  are  selected  for  separate  treatment,  by  which  copper 
of  a  saperior  quality  is  obtained,  whilst  those  of  a  poorer  descrip- 
tum  are  reserved  to  be  mixed  with  the  roasted  coarse  matt  in  the 
next  fusion. 

The  sulphide  thus  obtained,  to  which  the  name  of  white  metal 
IS  given,  contains  about  70  per  cent,  of  metallic  copper,  and  is 
very  nearly  represented  by  the  formula  CuS,  although  in  almost 
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ef7ery  instance  it  still  retains  variable  dmall  quantities  of  stdpbide 
of  iron. 

y. — ^The  manipulations  employed  to  effect  the  Yth  Cfpen^^oa, 
are  in  general  extremely  analogous  to  those  already  described, 
and  in  many  points  of  view  they  may  be  regarded  as  almost 
identical  with  tnose  of  the  Vision  IV.  A  similar  observation  may 
be  made  with  r^^ard  to  the  three  succeeding  operations.  The 
YIth  melting  in  aU  its  principal  details  resembles  tiie  opera^oos 
lY.  and  Y.,  whilst  the  Yllth  and  Ylllth  operations  are  in  realify 
but  modifications  of  the  IXth  stage  of  this  complicated  process. 

The  fusion  Y.,  and  the  roasting  YII.  and  YIIL,  which  are  com- 
plementary to  each  other,  are  made  with  a  view  to  the  preparalaon 
of  a  matt  of  richer  quality,  and,  above  all,  containing  less  impisi- 
ties  than  the  ordinary  white  metal  of  the  operation  lY.  This 
object  is  effected  by  producing,  by  successive  operations,  various 
reactions  of  a  more  varied  and  efficacious  nature  than  those  which, 
under  ordinary  circumstances,  are  accomplished  by  a  simple  fbsion. 
For  this  reason,  these  three  operations  are,  in  the  Welsh  smelting 
establishments,  grouped  under  the  name  of  the  extra  proeeas,  in 
contradistinction  to  the  ordinarg  process,  of  which  lY.  forms  one 
of  the  connecting  links. 

These  two  divisions  of  the  routine  employed  for  the  treatment 
of  copper  ores  in  the  Welsh  smelting  works,  are,  howev^  inti- 
mately connected  with  each  other  in  three  distinct  points  of  view. 
In  the  first  place  the  raw  material  used  is  the  same  in  each  case, 
viz.  the  roasted  coarse  metal ;  their  final  products  are  moreover  aE 
subjected  to  the  IXth  operation ;  and  lastly,  one  of  the  accessory 
products  of  the  fiision  lY. — i*  e.  the  richest  slags  produced  in  this 
stage  of  the  manipulation — ^when  subjected  to  the  YIth  fiision, 
give  rise  to  the  formation  of  matts,  which  are  subsequently  treated 
in  the  operations  YII.  and  YUI.  in  the  same  way  as  the  blue 
metal  of  the  Yth  process. '  These  two  series  of  manipulations  are 
consequently  directly  connected  by  the  fusion  YI.,  and  for  this 
reason  it  has  been  thought  proper  to  introduce  the  description  of 
the  extra  process  in  the  order  which  it  occupies  in  the  tabular 
synopsis. 

In  another  point  of  view  a  condderable  difference  exists  betwem 
these  two  branches  of  the  Welsh  method,  as  the  products  of  the 
extra  process  derive  their  superior  quality,  not  only  firom  the 
greater  care  employed  in  their  treatment,  but  also  in  a  certain 
degree  from  the  more  carefiil  choice  of  the  ores.  The  roasted 
coarse  metal  used  for  the  fiision  No.  Y.  is  consequently  sometimes 
prepared  from  carefully  selected  ores,  or,  when  this  is  not  the  case, 
addition  is  made  of  a  certain  portion  of  roasted  pyrites  of  the 
purest  description  belonging  to  Glass  2. 
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The  fomace  in  which  this  first  operation  of  the  extra  process 
18  conducted,  exactly  resemhles  that  used  for  the  lYth  fusion, 
and  the  comhustihle  with  which  it  is  suppHed  is  also  the  same. 
Twenty-two  charges  of  2  tons  each  are  usually  passed  through  the 
fomaoe  during  each  week. 

The  charad»ristic  reactions  of  this  fusion  are  analogous  to 
those  of  the  preceding  operation.  The  first  application  of  heat 
determines  the  Hquefaction  of  the  sulphides,  and  a  partial  reaction 
between  them  and  the  oxides  also  present  in  the  mixture  con- 
stituting the  charge.  The  oxide  of  copper,  in  particular,  reacts  hy 
means  of  its  oxygen  on  the  sulphur  and  iron  of  the  mixed  sul- 
phides, giving  rise  to  the  fonnation  of  sulphurous  acid,  which  is 
evolved  in  the  gaseous  state,  and  protoxide  of  iron,  which  com- 
bines with  silica  to  form  a  Visible  slag :  the  copper  which  is  thus 
set  firee  combines  with  the  undecomposed  matt,  which  is  enriched 
by  the  double  channel  of  the  accession  of  a  firesh  amount  of  metal, 
and  also  by  the  elimination  of  a  certain  proportion  of  the  sulphide 
of  iron  witii  which  it  was  associated.  During  the  time  that  these 
reactions  are  proceeding,  a  silicate,  to  a  greater  or  less  extent 
charged  with  oxide  of  copper,  begins  in  its  turn  to  enter  into 
fizsion,  and  at  this  period  commences  a  kind  of  slow  refining 
during  which  the  oxide  of  copper  of  the  silicate,  and  the  sulphide 
of  iron  of  the  matt,  predace  by  their  mutual  reaction,  and  without 
any  evolution  of  sulphurous  acid  gas,  a  certain  amount  of  sulphide 
of  copper,  by  which  the  matt  is  enriched,  while  oxide  of  iron, 
which  passes  directly  into  the  slags,  is  separated. 

VI. — The  furnace  employed  for  this  operation  is,  in  the  interior, 
formed  precisely  in  the  same  way  as  the  furnaces  used  for  the 
other  fusions  already  described ;  but  from  the  mechanical  differ- 
ence which  exists  between  the  substances  treated,  it  becomes 
necessary  that  some  slight  variations  shouM  be  made  in  its 
external  arrangement.  The  soorise  which  are  introduced  in  the 
form  of  large  fragments,  could  not  be  conveniently  charged  by 
the  iron  hoppers  hitherto  employed  for  that  purpose,  and  these  are 
consequently  suppressed  in  the  ftimace  devoted  to  the  Ylth 
operation.  On  the  other  hand,  it  would  be  extremel|y  difficult 
to  spread  them  equally  over  the  whole  surface  of  the  hearth,  by 
chaining  through  the  door  situated  at  the  farthest  extremity  of 
the  finn^ce,  and  therefore  an  opening  is  so  placed  in  one  of  the 
sides,  as  to  facilitate  this  operation.  The  lateral  door  is  only 
opened  during  the  time  the  chai^  is  being  introduced,  and  is 
hermetically  sealed  with  a  lutmg  of  fire-clay  during  the  whole 
period  of  working  it  off.  The  embrasure  in  which  the  tapping- 
nok  js  situated  is  invariably  on  the  opposite  side  of  the  furnace, 
at  tSe  other  extremity  of  the  smaller  axis  of  the  hearth. 
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Each  charge  conflists  of  two  tons  of  different  prodactB  contain- 
ing copper,  of  which  the  gieater  portion  consists  of  shigs  frcxn 
the  operations  lY.  VII.  and  YIII.,  to  which  are  added  vanoiis 
small  quantities  of  sweepings  from  the  smelting-hoase  floors,  and 
siliceous  ores  in  which  the  metal  occurs  in  the  form  oi  copper 
pyrites.  The  working  of  each  charge  occupies  5}  hours,  and  the 
ftiel  employed  is  a  mixture  of  anthracite  and  common  coal,  in  the 
m>portion  of  three  parts  of  the  former  to  one  part  of  the  latter. 
The  object  of  this  operation  is  the  production  of  a  richer  matt 
than  that  obtained  fit>m  the  preceding  i^on,  and  this  is  effected 
by  the  mutual  reaction  of  the  oxide  ci  ccmper,  of  the  slags,  and  a 
matt,  of  which  the  elements  are  derived  either  from  tiie  small 
metallic  globules  mechanically  mixed  with  the  scoria,  or  from  the 
Yery  pure  sulphides  of  iron  and  copper  furnished  by  c^tam  chosen 
varieties  of  minerals. 

This  reaction,  the  nature  of  which  has  been  already  explained, 
would  of  itself  merely  produce  a  rich  matt,  but  the  smdt^  have 
discovered  by  experience  that  its  quality  is  materially  improved  by 
the  precipitation  at  the  same  time  of  a  certain  quantity  of  metallic 
copper,  and  for  this  reason  they  throw  into  the  fuxnaee  a  litHe 
findy  divided  pit  coal,  by  the  action  of  which  on  the  oxide  of 
copper  present,  a  small  amount  of  metallic  copp^  is  produced. 
The  copper  thus  revived  traverses  both  the  slag  and  the  matt,  on 
which  it  floats,  and  collects  beneath  the  latter  in  two  dislmet 
layers.  The  lower  of  these  consists  of  impure  bbick  copper,  caOed 
by  the  workmen  hoUomSy  whilst  the  other  is  composed  of  an  impure 
white  alloy,  chiefly  composed  of  copper  and  tin,  and  known  by  the 
name  of  hw*d  metal. 

The  mineral  added  to  the  chai^  is  commonly  copper  pyrites, 
free  from  all  substances  liable  to  injure  the  propeitieB  of  the 
copper  produced,  and  which,  from  the  large  quantity  of  quarts 
which  it  contains,  would  be  too  poor  to  be  introduced  after  roast- 
ing, into  the  fusion  No.  Y. 

Vll. — ^The  object  of  this  operation  is  to  convert  the  blue  mebl 
into  white  metal  analogous  to  that  produced  by  the  fusion  IV .,  and 
to  expel,  in  a  more  effectual  manner  than  is  usually  done  in  thit 
stacp  of  the  process,  the  different  substances  injurious  to  the 
quiSity  of  the  copper.  This  is  effected  by  two  successive  leaciaons, 
viz.  Furst  an  extremely  careM  fusion,  conducted  at  a  low  tempera- 
ture, during  which,  by  the  direct  action  of  the  air,  nearly  the  whole 
of  the  deleterious  matters  and  a  lai^  portion  of  the  copper  are 
oxidised ;  and  secondly,  a  frision  conducted  at  a  very  high  tem- 
perature, during  which,  after  having  scorified  the  oxides  formed* 
by  means  of  the  silica  present,  the  matt  not  decomposed  by  the 
first  stage  of  the  operation  is  refined  by  making  the  oxide  of 
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eopper  oontained  in  the  slags  react  on  the  sulphide  of  iron  pre- 
sent in  the  matt.  Blue  metal  is  the  only  source  of  copper  em- 
ployed in  this  operation,  but  it  is  important  to  be  remarked 
thst  its  sor&ce  is  thickly  coated  with  sihceous  sand,  ftimished  by 
the  moulds  in  which  it  has  been  cast,  and  which  plays  a  very 
important  part  in  the  metallurgic  changes  which  take  place  dur- 
inK  its  subsequent  treatment. 

No  reagents  are  employed  except  the  siliceous  matters  of  the 
furnace,  and  the  oxygen  furnished  by  the  admission  of  atmospheric 
air.  Tlie  air  introduced  during  the  first  division  of  the  process, 
determines  the  production  of  iSie  metallic  oxides,  and  the  bricks, 
sand,  and  clay,  of  the  apparatus  give  rise,  by  their  combination 
with  these  oxides,  to  the  formation  of  the  siliceous  slags  so  indis- 
pensable to  the  subsequent  improvement  of  the  matt. 

The  furnace  in  which  these  reactions  take  place  closely  resembles 
that  employed  for  the  ftudon  of  slags  in  the  Ylth  operation ;  it 
is  provided  with  a  lateral  door,  which,  together  with  that  at  the 
end  of  the  hearth  farthest  removed  firom  the  grate,  serves  for  the 
introduction  of  the  charge.  The  tap-hole  is  situated  at  the  other 
side  of  the  furnace,  exactly  opposite  the  lateral  door,  and  the  only 
particular  in  which  it  differs  from  the  preceding,  is  that  it  has  aa 
opening,  or  air-hole,  situated  on  one  side  of  the  fire-bridge,  ramilar 
to  that  of  the  ordinary  roasting  furnace,  and  which  in  this  case 
serves  to  introduce,  during  the  first  period  of  the  operation,  a  large 
quantity  of  air  over  the  surfiice  of  the  matters  spread  on  the 
hearth. 

The  charge  of  a  furnace  of  this  kind  is  two  tons  of  blue  metal, 
which  usually  remains  in  the  fiimace  rather  less  than  twelve 
hours.  It  is  essential  to  the  success  of  this  operation  that  the 
sulphide  should  be  added  in  rather  large  fragments,  and  since 
the  blue  metal  is  rather  fragile,  precautions  must  be  taken  to 
prevent  its  division  into  small  pieces  during  the  process  of 


Vin. — ^The  eighth  operation,  which  is  the  last  of  the  series  con- 
stituting the  extra  process,  comprises  the  two  methods  of  purifica- 
tion employed  in  the  stages  YI.  and  YII.  The  furnace  is  m  eveiy 
way  sinular  to  that  used  for  the  Y Ilth  roasting,  and  the  working 
of  the  charge  may  be  divided  into  two  distinct  periods.  During 
the  first,  the  true  roasting  or  slow  fiision  of  the  white  metal  under 
the  oxidising  influence  of  atmospheric  air  is  effected :  and  in  the 
seeond  stage  the  refining  of  the  matt  is  completed  by  the  reaction 
of  a  stratum  of  copper  slag.  The  substances  charged  into  this 
fbmace  consist  of  the  white  metal  of  the  Yllth  roasting,  together 
with  the  red  and  white  matt  obtained  firom  the  Ylth  fusion ;  btit 
these  two  products  are  always  separately  treated,  because  the 
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copper  obtained  from  them  differs  materiallj  in  quality.  Hie 
reagents  by  which  these  metallurgic  transformations  are  prodnced, 
are  the  oxygen  of  the  air,  and  the  sand  bricks  and  other  siliceooi 
matters  of  which  the  furnace  is  constructed.  The  duratian  of 
each  operation  is  3}  hours,  and  the  ordinary  weight  of  the  diarge 
introduced  H  tons. 

The  products  obtained  from  this  process  consist  of  a  rich  copper 
shig,  a  matt  containing  a  Luge  per-centage  of  coppor,  called  rego- 
lus,  and  an  impure  kind  of  metalHc  copper,  called  bottoms. 

IX. — ^The  foregoing  series  of  operations,  although  ertremdy 
complicated  in  their  details,  yield,  wii^  the  exception  of  the  inter- 
mediate products,  but  a  very  limited  number  of  definite  metaUmgic 
compounds — viz.,  ordinary  white  metal  obtained  by  the  H^ 
fusion ;  the  reguHne  matters  obtained  from  the  extra  process 
v.,  or  the  remelting  of  skgs  VI.,  which  are  purified  by  tiie 
roastings  VII.  and  YIII. ;  and  finally,  the  copper  bottoms  pro- 
duced either  during  the  same  operation,  or  in  the  fusion  of  the 
slags  VI. 

All  these  different  products  are  united  in  the  IXth  opoution, 
the  aim  of  which  is  to  expel  by  roasting,  in  the  form  of  sulphurous 
acid,  the  sulphur  which  has  heretofore  been  preserved  as  a  means 
of  concentrating  the  copper.  At  the  same  time,  all  impurilaes, 
such  as  iron,  cobalt,  nickel,  arsenic,  antimony,  and  tin,  are  sought 
to  be  eliminated  either  by  the  direct  action  of  atmospheric  air 
alone,  or  by  the  combined  agency  of  the  oxygen  of  the  air  and  the 
siliceous  matters  present  in  the  furnace.  These  objects  are 
attained  through  the  medium  of  two  successiTC  metaUuigic  re- 
actions which  are  separately  conducted  in  the  same  frunace. 

The  first  of  these  operations,  or  the  roastmg  of  the  matt,  is 
produced  by  the  direct  action  of  atmospheric  air  on  the  sub- 
stance, maintained  for  a  considerable,  time  near  the  point  of  its 
fusion,  by  which  means  the  charge  is  finally  made  to  fiiU  drop  by 
drop  on  the  bottom  of  the  furnace.  During  the  second  pmod, 
the  oxide  of  copper,  which  is  produced  in  large  quantity,  reacts 
on  the  sulphides  which  have  not  become  decomposed  during  the 
process  of  roasting,  which  are  thereby  not  only  purified,  but  i^  the 
same  time  much  enriched.  The  two  products  resulting  frt>m  this 
operation  are  crude  copper,  and  scoriae  extremely  rich  in  that  metal, 
and  these  are  reserved  to  be  added  to  the  roasted  coarse  metal  in  a 
subsequent  fusion  for  white  matt.  This  operation  is  carried  on 
in  a  reverberatory  furnace  similar  to  those  provided  with  a  lateral 
door  before  described,  and  through  this  the  charges  of  matt  are 
introduced.  The  matts,  which  have  been  run  into  cakes  of  eonstder- 
able  dimensions,  are  piled  on  the  floor  of  the  furnace,  and  addition 
is  sometimes  made  of  some  rich  oxidised  minerals  belonging  to  the 
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fifUi  daas.  The  weight  of  the  chaige  Taries  from  three  to  three 
sud  %  half  tons ;  and,  at  the  expiration  of  ahout  half  an  hour 
after  its  introduction,  the  matt  h^ins  to  melt,  and  falls  slowly 
on  the  bottom  of  the  hearth.  At  the  expiration  of  about  four 
hours  the  fusion  is  completed,  and  the  matters  collected  on  the 
hearth  begin  to  boil,  from  the  rapid  evolution  of  sulphurous  acid 
IHoduoed  hy  the  reaction  of  ^e  oxide  of  copper  on  the  sulphides 
of  which  the  matts  principallj  consist.  In  order  that  this  phe- 
nomenon may  be  prolonged  during  a  considerable  time,  the  tem- 
perature IB  at  this  stage  allowed  to  hH  very  considerably,  and,  at 
the  expiration  of  about  twelve  hours,  the  evolution  of  sulphurous 
acid  will,  from  tlie  low  temperature  of  the  frimace,  have  entirely 
oeaaed.  The  fire  is  now  again  increased,  and  the  charge  brought 
to  the  liquid  state,  by  which  means  the  action  is  completed  by 
the  farther  evolution  of  sulphurous  acid,  and,  at  the  expiration  of 
eighteen  hours  from  first  charging,  the  copper  retains  but  a  very 
Bunute  proportion  of  combing  ralphur.  The  smelter  now  in- 
cxeaaes  to  the  utmost  the  heat  of  his  furnace,  so  as  to  produce 
the  complete  separation  of  the  different  matters  which  it  contains ; 
and,  at  the  expiration  of  twenty-four  hours,  after  having  first 
akiinined  the  surface  with  a  rake,  he  taps  the  liquid  metal  into 
rectangular  moulds  formed  in  the  floor  of  the  building  in  which 
the  furnaces  are  situated. 

This  coarse  copper,  when  it  has  cooled,  is  covered  on  the 
aoifaoe  with  numerous  small  blisters,  and  the  slags  resulting 
from  the  operation  frequently  contain  as  much  as  twenty  per 
cent,  of  co{^)er. 

X. — ^The  coarse  copp^  obtained  from  the  above  method  of 
treatment  is  now  subjected  to  a  process  of  toughening  and 
re£mnst.  The  furnace  in  which  this  is  conducted  differs  but 
little  from  the  other  Rising  furnaces  of  the  Webh  method,  ex- 
cept that  the  fire-place  is  made  deeper,  to  afford  the  facility  of 
aocomulating  a  larger  mass  of  combustible ;  and  the  arch  over  the 
sole  18  higher,  to  give  the  necessary  space  for  the  large  charges 
of  coarse  metal  with  which  it  is  supphed.  The  coarse  copper  is 
chaiged  on  the  sole  of  the  frimace  to  the  amount  of  from  seven 
to  t&OL  tons,  and  without  any  admixture  of  other  matter ;  as  the 
onfy  reagents  employed  are  the  oxygen  of  the  air  and  the  siliceous 
matter  furnished  by  the  sand  adhering  to  the  pigs  of  crude  cop- 
per, and  that  obtained  from  the  bricks,  &c.,  of  which  the  frimaoe 
itadf  is  composed. 

The  cakes  of  copper  to  be  refined  are  piled  in  the  form  of  a 
hollow  hei^,  which  extends  to  the  upper  arch  of  the  furnace,  and 
care  is  taken  to  so  arrange  the  different  ingots  as  to  allow  a 
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sufficient  space  for  the  free  circulation  of  air  between  them.  The 
working  of  a  charge  extends  over  twenty-four  hours,  indudzng 
the  time  neoessaiy  for  the  introduction  dT  the  copper.  During 
the  first  eighteen  hours  but  little  attention  is  required,  ezc^ 
for  keeping  the  grate  supplied  with  a  proper  quantity  of  fud. 
The  copper  is  in  this  way  gradually  liquefied,  and  at  the  same 
time  partially  oxidised.  The  oxide  of  copper  formed  reacts  either 
immediately,  or  after  its  combination  with  silica,  on  the  subetaBoeB 
present,  more  readily  oxidisible  than  itself;  and  by  this  action  a 
slag  is  formed  which,  besides  containing  a  hurge  portion  of  oxide 
of  copper,  carries  off  in  combination  the  oxides  of  the  di&re&t 
associated  metals. 

When  the  furnace  has  been  in  action  during  twenty-two  homa, 
the  copper  is  entirely  freed  both  from  the  sulphur  and  the  otiier 
metals  which  it  ori^nally  contained,  and  the  workman  dears  the 
bath  by  raking  off  the  scoriffi  accumulated  on  its  surface.  The 
copper  in  this  state  oonlains  a  certain  portion  of  oxygen  in  diem- 
icaL  combination,  in  order  to  eliminate  which  the  metaDie  bath 
is  subjected  to  the  following  treatment,  by  which  its  reduction  ia 
completely  effected.  When  the  charge,  with  the  exception  of  the 
small  proportion  of  combined  oxide,  is  in  a  state  of  sufficient 
purity,  two  or  three  shovelfuls  of  finely-powdered  coal  or  char- 
coal are  thrown  on  the  hearth,  and  rapidly  spread  over  the  aur&oe 
of  the  liquid  metal  This  slight  covering  of  carbon  tends  to  the 
reduction  of  the  oxide  of  copper  formed  on  the  sm&oe  of  the 
metal ;  and  after  a  short  int^al,  during  which  the  charcoal  is 
allowed  to  act  alone,  a  long  pole  of  green  wood  (generally  birdi) 
is  plun£;ed  into  the  fused  copper.  Under  the  influence  oi  the 
elevated  temperature  to  which  the  wood  is  thus  suddenly  exposed, 
large  quantities  of  highly  reducing  gases  are  by  its  decompoaition 
evolved  with  strong  ebullition  of  the  metal,  by  which  the  redac- 
tion of  the  oxide  is  determined  with  much  greater  rapidity  than 
by  the  action  of  the  powdered  charcoal  alone,  but  whidi  still 
not  only  assists  in  the  removal  of  the  oxygen,  but  also  prevents 
the  absorption  of  a  further  amount  when  the  surface  of  the 
liquid  metal  is  in  a  state  of  rest  after  the  removal  of  the  pole. 
When  the  bath  has  by  this  means  been  kept  in  a  boiling  state 
during  about  twenty  minutes,  the  refiner  takes  from  the  fbmaoe 
a  sample  of  the  metial  by  inserting  in  the  bath  the  end  of  an  iron 
bar  around  which  a  small  lump  of  copper  is  speedily  formed. 
This  thimble-shaped  sample  is,  whilst  still  hot,  readily  removed 
from  the  end  of  the  bar  by  a  sted  chisel,  and  its  purity  and 
freedom  from  oxide  are  then  judged  of  by  testing  its  mallei^ 
bility  by  hammering  on  an  anvil,  and  its  tenadty  by  r^^eatedlj 
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bending  it  iMuskwards  and  forwards  when  firmly  held  in  the  jaws 
of  a  large  vice. 

As  Boon  as,  from  these  trials  and  the  colour  of  the  metal,  this 
process  is  i^oiight  to  he  sufficientlj  advanced,  the  charcoal  and 
a  small  qnantily  of  slag  is  n^idly  removed  fix)m  the  surface  of  the 
hath  hj  a  rake,  and  the  me^  ^3:an8parted  into  proper  moulds  hj 
laige  iron  ladles,  which  are  sometimes  internally  lined  with  clay. 
When  the  copper  is  found  to  he  in  a  proper  state  for  removal  from 
the  furnace,  it  is  necessary  that  the  operation  should  he  com- 
menced with  the  slightest  possihle  delay,  as  it  would  otherwise  he 
Bable  to  again  heoome  hrittle,  either  hy  absorbing  oxygen  from 
the  air,  or  chemically  comhining  with  a  portion  of  the  carhon 
fiinushed  hy  the  wood  and  charcoal  employed. 

When  copper  is  difficult  to  refine,  a  few  pounds  of  lead  are 
a^ded  to  it  immediately  after  removing  the  door  to  skim  the 
Boi&oe.  This  metal,  firom  the  facility  with  which  it  oxidises,  acts 
as  a  purifier,  and  assists  the  scorification  of  the  iron  and  other 
impurilies  which  may  he  present. 

kapieb's  coppsb  pbocess. 

In  an  the  various  processes  employed  for  the  separation  of 
cc^yper  from  its  ores,  it  is  of  the  greatest  importance  to  separate, 
at  tiie  earHest  possible  stage  of  their  treatment,  the  large  quanti- 
ties of  earthy  and  siliceous  matters  with  which  they  are  invariably 
anociated. 

To  do  this  the  mineral  is  commonly  roasted  in  a  reverheratory 
finiaoe,  either  until  a  sufficient  amount  of  oxide  of  iron  has  heen 
Hberated  to  form  a  fusihle  slag,  hy  combining  with  the  non-metallic 
impurities  present  in  the  ore ;  or,  as  this  would  frequentW-  neces- 
sitate a  very  prolonged  calcination,  such  a  mixture  of  ores  is 
operated  on  as  may  afford  fusible  and  tolerably  liquid  scorisB  when 
atnmgly  heated,  after  a  less  complete  roastmg  than  that  requisite 
m  the  other  cases.  In  this  way  ores  rich  in  the  earths  and  oxide 
dmm  are  conunonly  added  to  those  in  which  siliceous  matters 
predominate,  and  vice  versd;  and  thus,  hy  a  judicious  mixture  of 
this  kind,  fluid  slags  are  produced  at  a  much  less  expenditure 
l^ytli  of  time  and  money,  than  would  be  required  for  their  separate 
treatment. 

The  ordinary  routine  followed  in  the  Welsh  co|>per  works, 
although  more  or  less  modified  in  the  different  estahushments,  is 
^  ail  cases  a  tedious  and  very  expensive  operation ;  and  the  ohject 
^  Mr.  Napier's  patent  process  is,  therefore,  to  obtain  equally 
V^  results  in  much  less  time,  and  at  a  smaller  expenditure  of 
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fuel.  The(vdina]ymethod,a8  we  have  already  Been,  indiideB  to 
distinct  operations,  whilst  the  improved  process  reduces  tbdr 
number  to  one-half. 

A  mixture  of  Cornish  ores,  made  according  to  the  prindpk 
before  laid  down,  is  first  calcined,  and  subsequently  mixed,  after 
its  removal  from  the  furnace,  with  a  proper  proportion  of  partidfy 
calcined  rich  sulphides,  such  as  those  firom  Cuba,  called  Cobs 
and  Cobre  otea ;  care  being  taken  that  the  quantities  of  eidi  be 
so  arranged  as  to  afford  a  fusible  slag  bj  the  ftunon  and  combiur 
tion  of  their  different  gangues. 

It  is  also  necessary  that  this  mixing  be  made  in  such  propor- 
tion that,  besides  producing  a  clean  sl^,  it  may  afEbrd  a  regmiiie 
matt  containing  above  thirty  and  lees  than  fifty  per  cent,  of  metiL 
The  fusion  of  this  mixture  is  conducted  in  an  ordinary  redadug 
furnace  similar  to  that  employed  in  the  second  operation  of  the 
old  process :  and  after  the  removal  of  the  slags  from  the  sniftoe 
of  the  bath,  a  small  quantity  either  of  soda-ash  or  salt  cake  u 
thrown  on  the  fused  sulphides.  When  salt  cake  is  employed^ 
which,  of  the  two,  is  the  better  adapted  for  this  purpose,  1  cwtto 
li  cwt.,  together  with  20  or  80  lbs.  of  fine  coal,  are  added  to 
every  ton  weight  of  regulus  operated  on.  When  these  sdbstaooes 
have  been  thrown  into  the  furnace,  they  are  thorooghfy  nu^ 
and  stirred  together  by  a  continued iti&6^m^  with  an  iron  piddle; 
and,  after  having  been  allowed  to  remain  a  sufficient  time  to  admit 
of  the  reduction  of  the  sulphate  of  soda  by  the  action  of  ^ 
charcoal,  which  is  usually  completed  in  the  ooune  of  a  fev 
minutes,  the  regulus  is  tapped  into  sand-beds,  wh^re  it  repeiTes 
the  form  of  rectangular  prisms.  These  are  allowed  to  remain  in  the 
moulds  until  they  become  set ;  but  as  soon  as  they  have  acqoiied 
sufficient  solidity  to  bear  removal,  they  are  thrown  into  a  tank  rf 
water,  in  which  they  crumble  almost  immediately  into  a  fine  sandy 
powder.  This  is  now  thoroughly  washed  with  water,  and,  after 
being  allowed  to  dry,  is  calcined  until  the  whole  of  the  soli^nr  s 
expelled,  which,  frx)m  the  fine  state  of  division  of  the  powder,  is 
accomplished  in  fix>m  twenty-four  to  thirty  hours.  The  powder, 
which  is  now  thoroughly  calcined,  or,  as  it  is  technicallj  calH 
roasted  dead,  is  mixed  with  a  proper  quantity  of  malachi^^  of^I 
other  ore  of  copper  free  from  siilphur,  but  containing  a  ^ 
excess  of  silica ;  and,  after  having  added  the  requisite  propor^ 
of  carbonaceous  matter,  it  is  charged  into  a  properlj  tfnDged 
melting  fiimace,  and  again  fused.  This  operation  occupies  to 
six  to  eight  hours,  and,  if  carefully  conducted,  yields  melattc 
copper,  and  a  dean  slag  containing  very  little  metal,  either  in  w 
form  of  enclosed  shot  or  combined  oxide. 
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Resides  possessing  the  advantage  of  being  more  expeditioiu 
Mid  less  ezpensiTe  than  the  ordin^  method  of  treatment,  this 
prooees  yields  from  any  given  sample  of  ore  a  purer  description 
of  copper  than  can  be  obtained  by  the  old  method,  as  the  sulphide 

w?^**"*  produced  by  the  decomposition  of  the  salt  cake,  and 
robeequently  dissolved  by  the  water  into  which  the  hot  pigs  are 
thrown,  carries  off  with  it  in  solution  such  impurities  as  iSi  and 
antimony,  which  are  readily  soluble  in  that  menstruum.  The 
owper  obtained  from  this  fowth  operation  is  in  the  same  condition, 
M^ough  generally  more  free  fit)m  impurities,  as  that  resulting 
nom  the  ninth  operation  of  the  ordinary  process,  and  undei^foes 
a  mmilar  reduction  of  the  combined  oxide,  which,  in  the  present 
instance,  makes  the  fifth  process  to  which  the  ore  has  been 
aubV  ^   ' 


the  slags  produced  during  the  second  and  fourth  opera- 
tions aie  not  sufficiently  fluid,  it  has  been  sometimes  found  ad- 
vantageous to  add  to  each  charge  about  twenty  pounds  of  slaked 
lime  and  a  few  pounds  of  salt,  which,  affording  Irases  for  a  certain 
amount  of  silica,  give  rise  to  the  formation  of  polysilicates,  which 
«e  much  more  r^dily  fused  than  those  compounds  in  which  the 
alicie  add  is  combined  with  but  a  single  base. 

Wh^  the  ores  to  be  treated  are  either  carbonates  or  oxides, 
containiTig  but  a  small  per-centage  of  lime,  or  any  other  base, 
and  a  laige  excess  of  silica,  it  is  found  advantageous,  in  addition 
to  the  ordinary  sulphides  necessary  for  the  production  of  a  matt, 
to  fbse  them  with  a  small  admixture  of  the  black  magnetic  iron 
scale  obtained  from  the  rolling  mill  and  forge  hammer.  From 
2|  cwts.  to  d^  cwts.  of  this  flux  to  each  charge  will  be  found 
suflfirient  to  effect  the  fusion  of  the  most  refractory  kinds  of  ore ; 
and  although,  from  its  greater  cheapness,  lime  is  the  most  com- 
mon fiox  employed,  it  yields  &r  less  fiisible  slags  than  those 
resulting  from  the  iron  scale. 

Instead  of  nsing  iron  scale,  rich  iron  slags  and  native  carbonates 
of  iron  may  be  employed ;  but  hematite,  and  the  other  ores  con- 
taining peroxide  of  iron,  are  objectionable,  from  the  oxidising 
action  whieb  they  exert  on  the  copper,  and  which  is  not  remedied 
by  the  addition  of  a  large  excess  of  coal. 

In  this,  as  in  the  ordinary  process,  however,  the  addition  of 
direct  flaxes  is  to  be  as  much  as  possible  avoided ;  and  when  the 
eiqperienced  smelter  has  the  choice  of  a  good  selection  of  ores 
finzes  will  -very  seldom  be  required.  ' 

KSTHOB  OF  BIVOT  AjrD  PHILLIPS. 

This  method,  which  was  patented  in  France  in  I84A  v    \t 


868  OOFFEB. 

Bivot,  Professor  of  Chemistiy  at  the  Eoole  des  Mines,  and  M. 
E.  Phillips,  Ing^nieur  des  Mines  of  the  same  institution,  k  de- 
pendent for  its  action  on  the  fact,  that  at  elevated  temperatnns 
iron  has  a  greater  affinity  than  copper  for  oxygen.  Advantage  is 
taken  of  tins  circumstanoe  in  the  following  way : — 

The  ore,  if  sufficiently  rich — or,  if  not,  a  mixtore  of  the  ore 
with  a  portion  of  the  matt  obtained  from  a  fusion  in  the  ordi- 
naiy  way, — is  first  reduced  to  the  state  of  fine  powder,  and  then 
roasted  dead,  so  as  to  expel  the  List  traces  of  the  sulphur  which  it 
contained.  When  this  has  been  effected,  iron  bars  are  introduoed 
through  apertures  left  in  the  side  of  the  hearth,  and  which  aie 
closed  during  the  former  part  of  the  operation.  On  the  intro- 
duction of  these,  they  become  rapidly  attacked  at  the  expense  of 
the  oxygen  of  the  oxide  of  copper,  which  is  thereby  reduced  to  the 
metallic  state,  whilst  the  oxide  of  iron  formed  unites  with  the 
siliceous  matters  present,  and  gives  rise  to  a  fusiUe  slag,  which  is 
extremely  liquid  and  entirely  free  from  any  enclosed  granules  of 
metallic  copper. 

This  process  has  not  yet  been  tried  on  an  extensive  scale; 
but  during  the  progress  of  the  experiments  made  at  Paris,  in  a 
small  furnace  erected  for  that  purpose,  metallic  copper  of  good 
quality  was  frequently  obtained  in  one  operation.  When,  how- 
ever, arsenic  is  present  in  considerable  quantity  in  liie  ores 
treated,  it  is  found  to  affect  materially  the  quality  of  the  metal 
produced,  and  in  this  respect  the  process  is  inferiOT  to  that  of 
Napier,  in  which  the  arsenic  is  carried  off  in  solufdcm  with  sul- 
phide of  sodium. 

The  process  of  Bivot  and  Phillips  has  also  the  disadvantage  of 
requiring  the  destruction  of  a  quantity  of  iron  nearly  equivalent 
in  weight  to  the  copp^  produced,  which  is,  in  a  practical  point 
of  view,  a  serious  objection  to  their  method. 

BAirCABT'S  PBOCEBS. 

A  new  process  of  treating  the  various  sulphides  has  also  been 
patented  by  Mr.  Bankart,  who  carried  out  lus  inventions  on  an 
extensive  scale  at  the  Bed  Jacket  Copper  Works,  near  i^e  town 
of  Neath.  The  minerals  operated  on  in  this  establishment  are 
Cuban  ores,  furnished  by  the  Cobre  Mining  Company,  and  are 
chiefly  composed  of  copper  pyrites  containing  from  fourteen  to 
twenty -five  per  cent,  of  metal.  This  is  first  reduced  by  mechanical 
means  to  the  state  of  fine  powder,  and  then  exposed  in  a  proper 
furnace  to  a  low  ried  heat  for  several  hours,  with  a  free  access  of 
atmospheric  air.  By  this  method  of  treatment  a  large  proportion 
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of  the  solphtir  present  is  driven  off  in  the  form  of  sulpharous 
acid  gas,  whilst  another  portion  is  converted  into  stdphuric  add, 
irfaich  oombines  with  the  oxide  of  copper  formed  during  the 
operation  of  roasting ;  and  the  sulphate  of  that  metal,  or  blue 
▼rtriol,  is  consequently  produced. 

The  ore  is  next  removed  into  large  vats,  where  it  is  immersed 
in  boiling  water,  which,  by  filtering  through  it,  dissolves  and 
carries  away  in  solution  all  the  sulphate  of  copper  present,  and 
leaves  the  ore  chiefly  in  the  state  of  oxide  of  copper  and  peroxide 
of  iron,  associated  with  the  siliceous  matrix.  This  residue  is  now 
again  roasted  with  a  due  admixture  of  the  same  mineral  in  the 
raw  state ;  a&d  the  sulphur  of  the  latter,  which  would  otherwise 
have  gone  off  in  the  state  of  sulphurous  add  gas,  receives,  through 
the  agency  of  the  peroxide  of  iron  in  the  ore,  an  additional  atom 
of  oxygen,  by  which  it  is  converted  into  sulphuric  add :  this  again 
acta  on  a  condderaMe  portion  of  free  oxide  of  copper,  and  uniting 
with  it,  forms  sulphtfte  of  copper,  to  be  again  extracted  by  solu- 
tion in  boiling  water,  as  before  described. 

These  successive  operations  are  continued  until  almost  the  whole 
of  the  copper  has  been  extracted,  and  a  reddue  has  been  obtained 
ocnsisting  excfamirdiy  of  silica  and  peroxide  of  iron. 

To  obtain  ike  metallic  copper  from  these  sohitions,  pieces  of 
wroi^ht  or  cast  iron  are  immersed  in  the  liquid,  when,  by  the 
action  of  a  weE-known  chemical  affinity,  the  add  and  oxygen 
desert  the  copper  and  transfer  themselves  to  the  iron  with  the 
formation  of  sulphate  of  iron,  depositing  at  the  same  time  the 
copper  in  a  pure  crystalline  and  metallic  state,  requiring  merely  a 
sinnie  fudon  to  convert  it  into  cake  copper  of  almost  chemical 
purity. 

Taate  can  be  no  doubt  but  that  this  process  is  capable  of  pro- 
ducing copper  of  great  purity.  When,  however,  it  is  remembered, 
thai  to  produce  one  ton  of  metal  it  is  necessary  to  dissolve  17i 
cwts.  of  motallic  iron,  and  that  this  gives  rise  to  the  formation  of 
no  less  than  4  tons  7  cwts.  of  copperas,  it  becomes  evident  that 
the  test  of  experience  will  be  required  before  this  method  can  be 
pronomiced  superior  to  those  already  in  use. 


TBSiiTiaBirT  OF  THE  COFFEB  SCHISTS  OF  ICAITBFBLD. 

On  ihe  continent  of  Europe,  the  methods  of  treating  the  ores  of 
copper  are  made  to  differ  both  in  accordance  with  the  compodtion 
of  the  mineral  operated  on,  and  also  with  regard  to  the  nature  of 
the  fuel  most  abundant  in  the  locality ;  but  a  description  of  the 
routine  employed  for  the  reduction  of  the  copper  schists  of  Mans- 

B  B 


870 


OOFPIX. 


fdd  will  afford  a  sofl&cient  illiutautaon  of  Uie  oontinental  piocesseB. 
These  schists,  which  are  strongly  impregnated  with  bituminous 
matter,  and  contain  numerous  disseminatea  crystals  of  iron  pyrites, 
vary  consideraUy  with  regard  to  their  richness  in  copper/  The 
me^urgic  treatment  is  commenced  by  roasting  the  shale  in 
hei^  interstratified  with  wood,  by  which  the  fire  being  first 
communicated,  is  afterwards  carried  on  at  the  expense  of  the 
inflammable  bitumen  contained  in  the  mineral  itself. 

To  the  schist,  after  its  calcination,  is  added  firom  6  to  20  per 
cent,  of  fluor  spar,  together  with  a  certain  amount  of  slag,  mode- 


rately rich  in  copper,  obtained  from  a  preceding  operation,  and 
occasionally  a  small  quantity  of  copper  schist  containmg  carbonate 
of  lime.    The  smeltmg  furnaces  in  which  this  mixture  is  reduced 

1  The  minfiral  tmtod  ofuilly  oonUint  tnm  1  to  4  ptr  oant  of  oopfMr. 
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are  cupolas,  var^nng  from  14  to  16  feet  in  height,  and  are  ^applied 
either  with  ordmaiy  coke,  or  a  mixture  of  gas-coke  and  chajxx>al. 
Fig.  149  represents  a  front  elevation  of  this  apparatus,  aud  fig. 
150  a  vertical  section  through  the  axis  of  one  of  its  tuyeres,  t.  The 
parts  of  this  frimaoe  in  the  neighbourhood  of  the  tuyeres  are  con- 
stracted  of  a  sort  oi  refractory  pudding-stone,  whilst  the  upper  part 
of  the  cone,  a,  is  built  of  fire-bricks.  The  air  is  supplied  through 
nozzles  placed  either  on  the  same  side  of  the  hearth,  or  on  the  two 
opposite  lateral  &ce8  of  the  furnace,  and  at  an  equal  height  from 
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the  bottom  of  the  crucible.  At  the  lowest  part  of  the  breast  of 
the  hesortii  are  two  apertures,  5,  fig.  151,  which  are  alternately 
opened,  in  order  to  run  out  the  liquid  products. 

These  openings  communicate,  by  means  of  the  channels,  e  c^,  with 
the  external  bmns,  b,  b',  three  feet  in  diameter,  and  twenty  inches 
in  depth*  The  combustible  and  mineral  are  charged  in  regular 
oonsecutive  strata^  and  a  slag  nozzle,  of  from  six  to  seven  inches  in 
length,  is  allowed  to  form  beyond  the  extremity  of  the  tuyeres. 
These  cupolas  are  surmounted  by  chimnies  from  thirty-five  to  fifly 
feet  in  fa^ht,  by  which  the  smoke  and  vapours  are  carried  high 
into  iiie  atmosphere.  The  matts  and  slags  flow  constantly  out  of 
the  fomaoe,  and  are  received  in  one  of  the  external  basins  pr^ared 
for  that  purpose.  When  one  of  these  has  become  Aill,  tiie  aper- 
ture by  whidi  it  communicates  with  the  fiimace  is  dosed,  whilst 
that  connected  with  the  other  is  opened :  so  that  the  liquid  matters 
flowing  fitnn  the  furnace  are  alternately  conducted  into  each  of 
these  basins.  At  Mansfeld  the  i^ised  scorisB  are  usually  moulded 
in  the  form  of  large  bricks,  and  are  extensively  employed  in  the 
eonstaraction  of  houses  in  the  vicinity  of  the  works.    The  matts 
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■ze  iCTQored  from  ihe  luurin  in  tbe  fonn  of  ciicolar  plates,  whidi 
ai«  lifted  off,  wlieii  raffioiently  oool,  from  the  snrfiMM  of  ^  still 
liquid  sulphides  remaining  in  the  hottom  of  ihe  cavity. 

The  matt  thus  obtained  seldom  amounts  to  more  than  l-KXii 
Off  the  weight  of  Ihe  mineral  operated  on,  and  oonsistB  of  a  mixtme 
of  the  sulphides  of  iron  and  copper,  oontaining  from  20  to  60  po 
cent,  of  the  latter  metal.  When  it  contains  from  20  to  30  per 
cent,  of  copper,  it  is  subjected  to  three  successive  roastings  on 
la^rs  of  wood,  and  afterwards  again  passed  throt^  ihe  furnace 
with  the  addition  of  a  proper  proportion  of  the  slag  obtained 
during  the  fusion  of  ordinaij  roasted  ore.  The  soorise  chosen  for 
this  purpoae  are  those  which  immediately  cover  the  matt  in  ihe 
external  receiviag  basins,  and  which  are  consequently  richer  in 
copper  than  the  other  slags.  In  this  way  a  second  matt  is  ob- 
tamed,  havmg  nearly  the  same  composition  as  that  resultang  from 
the  fosion  of  the  richer  ores. 

These  rich  mM»  are  subjected  to  six  successive  roastings  on 
layers  of  dry  wood^  which  are  executed  in  small  areas  formed  between 
tluree  walls.  Then  are  commonly  pierced  with  sundry  small  chan- 
nels, opening  at  their  lower  extremity  towards  the  heap,  and  serving 
to  fiacilitate  the  escape  of  the  smoke  and  gases  given  off  during  the 
operation.  When  the  matts  have  been  pkeed  in  these  stalls,  the 
fourth  side  is  closed  by  a  dry  stone  wall,  by  which  the  lumps  ci 
sulphide  are  retained  in  their  places  and  prevented  from  beeomiDg 
mixed  with  those  which  are  being  roasted  in  the  other  compart- 
ments of  the  area.  When  the  matt  has  undergone  the  process  of 
calcination  in  the  first  stall,  it  is  transferred  to  the  second,  and  so 
oat  in  succession  until  it  has  arrived  in  the  sixth  and  last  dzvi^on, 
where  the  operation  is  compkted.  IXcuing  these  sucoessiTe  roast- 
ings a  ooDsidisrable  quantity  of  sulphate  of  copper  is  formed  through 
the  oxidation  of  the  sulphides  of  which  the  matt  is  compoeed ; 
and  this,  after  bemg  removed  by  lidviation,  is  obtained  in  a  ciy»- 
talline  form  by  the  eviqporation  of  the  Hquon.  All  the  matts  after 
their  calcination  are,  between  each  separate  roasting,  exposed  to 
the  action  of  water  in  large  wooden  troughs,  so  ananged  on  the 
side  of  a  hill  as  to  aUow  of  the  contoitB  of  one  being  run 
through  a  proper  spout  immediately  into  another  f^aoed  boneath 
it.  By  this  methodical  system  of  washing,  the  hquon  are  at 
length  obtained  in  a  tolerably  concentrated  state,  and  oonae- 
ttuently  aflford  crjMk  of  su^hate  of  ct^per  after  a  moderate 
degree  of  ooncentntiQii  in  large  leaden  pans,  heated  from  beneaA 
by  a  slow  fire. 

The  roasted  matt  is  mdted  in  a  cupok  furnace  similar  to  that  in 
winch  the  funon  of  the  mineral  iimeif  is  effected,  but  of  smaller 
dimensions.    The  ehaige  consists  of  a  inizture  of  tiie  calcined  matt 
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and  %  due  proportion  of  slags  from,  the  first  operation,  which  aro 
added  with  a  view  to  the  removal  of  the  oxide  of  iron  originally 
present  in  the  fused  sulphides.  This  fusion  gives  rise  to  i£e  for«> 
jDiation  of  three  distinct  products — ^viz.,  hkck  oo|^>er,  a  r^guline 
matt,  and  slags  of  various  degrees  of  richness.  Q^ie  hlaek  copper 
is  removed  from  the  exterior  basin  in  the  form  of  discs,  obtained 
by  throwing  water  on  the  liquid  metal  and  tiie  subsequent  removal 
bj  an  iron  bar  of  the  circular  cake  thus  solidified.  The  black 
copper  obtained  contains  about  95  per  cent,  of  copper^  &om  8  to 
4  per  cent  of  iron,  and  1  per  cent,  of  sulphur,  together  with  small 
quantities  of  antimony  and  wlwer. 

The  matt  is  extremely  rich  in  co|^)er,  and  is  added  to  the  tichest 
of  the  second  matts  obtained  firom  a  former  operation. 

It  sometimes  happens  that  tiiese  ores  contain  a  sofficiealt  amount 
of  silver  to  render  its  extradwHi  a  matter  of  impoitaace ;  and  in 
this  case  the  separation  may  be  made  eith^  ftcHU  the  last  matt 
alter  it  has  been  roasted,  or  from  the  black  copper  before  it  has 
been  subjected  to  the  process  of  refining. 

The  sQver  is  obtained  from  the  black  copper  by  a  process  called 
Uquatkm^  and  from  the  roasted  matts  by  an  (malgcmiation  with 
mercury.  The  efficiency  of  the  process  of  liquation  depends  on  the 
following  principles : — ^If  lead  and  copper  be  frised  together,  the 
two  me^ds  will  be  found  to  unite  and  form  an  alloy ;  and  if  this 
mixture  be  suddenly  or  n^idly  cooled  after  being  run  out  of 
the  furnace,  they  remain  in  a  state  of  intimate  admixture.  If, 
however,  on  the  contrary,  the  alloy  be  dbwly  heated  to  near  its 
point  of  fusion,  or  be  allowed  to  cool  v«ry  gradually  after  being  in 
a  liquid  state,  the  two  metals  are  found  to  s^Murate,  and  the  kad 
will  eontaan  nearly  the  whole  of  the  silver  wUeh  originally  existed 
in  oombinaldon  with  the  copper,  whilst  the  latter  metal  retains  in 
combination  only  a  small  portion  of  tbs  lead  added.  The  silver 
may  now  be  separated  firom  the  lead  by  cupellation,  and  the  copper 
fireed  ficom  the  adhering  lead  by  an  operation  called  refining. 

In  practice,  three  piuts  of  black  copper  and  from  ten  to  twelve 
parts  of  lead,  already  containing  a  certam  portion  of  silver — ^if  such 
is  to  be  procured — are  fused  together  in  a  cupola  fiimaoe :  instead 
of  metallic  lead,  Htharge  rich  in  silver  is  someSdmes  employed.  The 
fused  alloy,  on  flowing  firom  the  furnace,  is  received  m  oast  iron 
moiikis,  where  it  is  rapidly  cooled  by  the  help  of  water,  and  firom 
which  it  is  removed  in  the  form  of  large  circular  cakes.  These 
discs  are  subsequently  heated  on  a  liquation  hearth,  in  order  to 
extract  the  argentifoous  lead  in  the  liquid  form,  whilst  the  asso* 
ciated  oopper  remains  unmelted  and  forms  a  porous  mass,  retain- 
ing very  nearly  the  same  form  as  the  original  cakes  of  alloy. 

This  hevrth,  figs.  152  and  153,  consists  of  two  slightly  inclined 
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plates  of  cast  iron,  so  placed  as  to  leave  between  them  a  small  space, 
8, beneath  which  is  ahoUow  channel, C, left  in  the  massif maaomy, 
ic,  which  supports  the  iron  plates.  The  discs  of  alloy  are  phced 
perpendicularly  on  these,  and  are  kept  at  a  short  distance  from 
each  other  by  means  of  wooden  wedges,  whilst  the  Cfpea  sides  of  the 
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area  are  closed,  after  charg^g  the  alloy,  by  thick  plates  of  dieet 
iron,  T.  The  fuel  employed,  whidi  u  wood  charcoal,  is  intro- 
duced between  the  metaluc  discs  after  which  the  wooden  mdges 

are  withdrawn,  and  some  wood 
is  placed  in  the  .channds,  c, 
by  the  combustion  of  whidi 
the  charcoal  in  the  jxpper 
part  of  the  heardi  is  readily 
ignited :  the  draught  ia  pro- 
duced by  the  small  clmnmes, 
df,  left  in  the  masonry  of  the 
furnace.  As  the  temperature 
of  the  cakes  becomes  more  and 
more  elevated,  the  lead,  which 
is  the  most  fusible  metal  present,  begins  to  melt,  and,  flowing  on 
the  surface  of  the  iron  plates,  fisiUs  into  the  channels,  c,  aid  is 
conducted,  by  a  slight  depression  in  the  floor,  into  the  exterior 
basins,  6.  In  proportion  as  these  reservoirs  become  filled,  the  lead 
is  removed  with  an  iron  ladle  to  a  mould,  wh^ie  it  receives  ^e 
form  of  small  lenticular  cakes.  The  copper,  still  retaining  a  cer- 
tain amount  of  lead  and  ailver,  remains,  in  the  form  of  hdf-fused 
spongy  masses,  in  the  position  in  which  it  was  first  placed.  Hie 
lead  thus  separated  by  liquation  contains  almost  the  whole  of  the 
silver,  as,  from  the  circumstance  of  the  alloy  of  silver  and  lead 
being  more  fusible  than  the  pure  metal,  a  very  small  quantity  osolj 
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^B  of  sflyer  is  retained  by  the  lead  which  remains  associated  with 

H   the  spongy  copper  on  the  area  of  the  furnace. 

H         These  porous  masses  of  copper  are,  however,  still  capable  of 

r  affording  a  certain  amount  of  argentiferous  lead,  if  submitted  to 
a  higher  temperature,  and  for  this  purpose  they  are  heated  in  a 
peculiarly  constructed  apparatus,  known  by  the  name  of  a  sweat- 
ing furnace. 

Fig.  154  represents  an  deration  of  this  fnmaoe,  and  fig.  155  a 
horizontal  section,  made  at  the  level  of  the  bottom  of  the  door,  a. 

The  spongy  masses  of 
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remaining  after  the  liquation 
of  the  1^  and  silver,  are 
charged  on  the  sole  of  the 
furnace,  above  the  top  of  the 
flues,  F,  and  resting  on  the 
brick  piers  by  which  they 
are  divided  from  each  other. 
The  spaces,  f,  are  now  filled 
with  wood,  which  is  ignited, 
and  the  door,  a,  is  closed. 
The  draught  is  established 
through  the  openings,  /  in 
connection  with  a  chimney, 
by  which  the  smoke  and 
heated  air  are  carried  off. 

This  treatmentdetermines 
the  separation,  in  a  liquid 
form,  of  a  fiirther  portion  of 
lead,  but  as  the  air  passing 
through  the  ftimace  is  pos- 
sessed of  highly  oxidising 
properties,  the  larger  propor- 
tion isconverfcedintolitharge, 
which  falls  to  the  bottom  of 


»,  F,  tc^^her  with  a  small  quantity  of  oxide  of  copper 
dissolved  in  the  more  fusible  oxide  of  lead.  !By  operating  in  tnis 
way  we  obtain  on  the  sole  black  copper,  still  further  freed  from 
lead  and  silver  than  that  coming  from  the  liquation  hearth,  and 
in  the  spaces,  F,  will  be  accumulated  a  litharge  rich  in  silver,  and 
containing  a  small  proportion  of  oxide  of  copper. 

This  last  mixture  is  employed  as  a  source  of  lead  in  the  cupolas 
in  which  the  fusion  of  the  black  copper  with  lead  is  conducted. 

The  black  copper  obtained  from  the  Mansfeld  process  is  refined 
in  a  reverberatory  frimace  doeely  resembling  the  German  cupelling 
furnace  to  be  hereafter  described. 
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The  fuel  employed  u  wood,  which  is  oonsomed  on  a  giate,  hotn 
whence  the  heated  air  difiuees  itself  in  the  body  of  the  fbrnaoey 
and  then  passes  off  by  the  chimney.  The  copper  to  be  piuified 
is  piled  on  the  sole,  which  is  composed  of  a  mixtuie  of  <^ianxMd- 
dust  and  clay  firmly  consolidated  with  a  rammer.  The  black 
oopper  is  charged  tlurough  a  door*  which  is  dosed  immediately 
after  its  introduction ;  and  as  soon  as  the  metal  is  mdted,  a  cur- 
rent of  air  is  made  to  play  constantly  on  its  sur&oe  frcma  two 
tuyeres,  the  nozzles  of  which  are  furnished  with  butterflies,  or  looee 
pendant  valyes,  for  the  purpose  of  spreading  the  effect  of  the  blast 
equally  over  the  whole  sur&ce  of  the  me^Jfic  bath.  When  ex- 
posed to  these  oxidising  influences,  the  sulphur,  iron,  and  lead  are 
'first  acted  on,  and  give  rise  to  the  formation  of  slags,  which  are 
raked  through  the  door.  At  the  expiratiou  of  a  certain  time  the 
oopper  becomes  free  firom  all  other  metals  with  which  it  was  asso- 
ciated, and  its  surface  is  covered  with  a  slag  of  a  red  colour,  ex- 
tremely rich  in  protoxide  of  oopper.  As  the  process  advances,  the 
workman  extracts  samples  of  copper  at  firequent  intervals,  by  intro- 
ducing into  the  furnace  an  iron  bar,  around  the  end  of  whicxh  a  sort 
of  metallic  thimble  is  quickly  formed,  and  this,  on  being  hammered, 
affords  the  means  of  ascertaining  the  precise  point  at  which  the 
operation  should  be  terminated*  When  the  metal  has  been  suffi- 
ciently refined,  the  charge  is  at  once  run  out  into  two  external 
basins,  where  a  little  water  is  thrown  on  its  surface,  in  order  to 
determine  the  solidification  of  a  superficial  crust :  this  )s  removed 
by  a  hooked  bar  of  iron  in  the  form  of  a  thin  circular  plate.  More 
water  is  now  thrown  on  the  ftised  mass,  and  other  discs  are  succes- 
sively obtained,  until  the  whole  of  the  chaige  has  been  removed 
from  the  external  reservoirs.  These  plates,  which  are  called 
rosettes,  are  of  a  fine  red  colour,  and  covered  on  the  surface  with 
numerous  blisters  similar  to  those  observed  on  ordinaiy  cemented 
steel :  the^  also  retain  a  small  proportion  of  the  red  oxide  by 
which  their  ductility  and  malleabilily  are  considerably  impaired. 

This  purification  of  black  copper  is  sometimes  accomplished 
previous  to  the  addition  of  the  lead  necessary  for  the  purposes  of 
liquation;  but,  in  other  cases,  the  operation  is  not  carried  to 
the  same  extent,  and  the  partially  refined  metal  is  findy  granu- 
lated by  being  run  out  of  the  furnace  into  a  large  cistern  of  water. 
These  granules  are  subsequently  melted  in  a  cupola,  with  the 
addition  of  either  Htharge  or  metallic  lead,  by  which  a  more  homo- 
geneous alloy  is  obtained  than  by  the  direct  fusion  of  the  black 
copper  with  lead.  This  mixture  is  moulded  into  discs  in  the 
usual  way,  and  after  the  process  of  liquation  and  sweating,  the 
remaining  cupreous  matters  are  refined,  and  toughened  in  a  small 
blast  heaurth,  called  in  Gterman  Kupfergahrheerd. 
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'When  the  black  copper  does  not  contain  a  sufficient  amount  of 
silver  to  pay  for  its  extraction,  it  is  not  subjected  to  the  process 
of  Hqoatioii,  but  is  at  once  refined  in  the  small  German  hearth. 

Tig,  156  represents  a  perspective  view ;  and  fig.  167  a  vertical 
flection  of  this  arrangement,  which  consists  of  a  hemispheric  basin, 
Of  about  16  inches  in  diameter,  interiorly  lined  with  a  composi- 
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iaxm  formed  of  one  part  of  pounded  charcoal,  and  two  parts  of  fire- 
clay. This  is  surrounded  by  a  low  iron  curb,  c,  which  is  intended 
to  keep  the  fuel  from  being  scattered,  and  is  furnished  with  a 
small  iron  door,  J.  When  the  crucible  has  been  fresh  lined,  it  is 
neeessaiy,  before  proceeding  with  another  operation,  to  dry  it  by 
the  introduction  of  a  few  shovelfuls  of  ignited  charcoal,  whicn 
is  allowed  to  remam  until  the  hearth  is  completely  dried.  As 
soon  as  this  is  the  case,  the  cavity  is  filled  with  fresh  charcoal, 
fragments  of  black  copper  are  arranged  opposite  the  tuyere,  t, 
and  the  blast  is  gradually  admitted.  When  the  first  charge  of 
cmde  metal  has  been  thus  melted  a  frurther  quantity  is  added, 
care  being  taken  at  the  same  time  to  supply  the  heiu*th  with  a 
proper  amount  of  fuel.  The  scorise  formed  during  the  progress 
of  tiie  operation  escape  through  a  tap-hole,  which  communicates 
with  the  cavity  in  which  the  refining  is  efiPected,  a  little  below 
the  lavel  of  the  top  of  the  mass  of  masonry,  m. 

The  first  slags  obtained  are  of  a  greenish  colour,  and  contain 
a  large  quantify  of  oxide  of  iron  ;  during  the  fusion,  sulphurous 
acid,  and  sometimes  white  antimonial  vapours,  are  evolved. 

The  next  slags  are  of  a  deep  red  colour,  and  are  extremely  rich 
in  dinoxide  of  copper.  When  the  whole  of  the  black  copper 
constituting  a  charge  has  been  fiised  in  successive  small  quantities, 
the  workman  takes  samples  from  time  to  time  by  means  of  an 
iron  rod,  and,  from  the  appearance  of  these,  he  is  enabled  to 
judge  ciihe  working  of  the  furnace,  and  the  state  of  the  metal 
it  contains.    As  soon  as  the  process  is  found  to  be  sufficiently 
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adyanoed,  the  Uast  is  saddenly  stopped,  and  a  pailM  of  waier 
thrown  on  the  surfiMse  of  the  n^tal,  which  is  immediately  after- 
wards freed  from  the  fragments  of  charooal  by  which  it  is  sur- 
rounded. 

The  scoriflB  are  then  careMly  raked  off  from  the  saAee  of  the 
bath,  on  which  a  little  water  is  again  thrown  to  solidify  the  mpper 
sm-feoe,  which  is  at  once  withdrawn  in  the  form  of  a  dnmlar  piiSbe. 
When  the  first  disc  has  been  remoTcd,  more  water  is  thrown  on 
the  surface  of  the  metal,  and  a  second  film  is  coagulated  and  lifted 
off.  These  operations  are  repeated  after  the  removal  of  tlie  aeoond 
plate,  and  continued  until  the  whole  of  the  metal  has  been  com- 
pletely remoyed  from  the  cavity  of  the  furnace.  The  process  of 
refining  commonly  occupies  about  two  hours,  and  affi»da  75 
parts  of  rosette  copper  from  100  parts  of  black  copper  originally 
operated  on. 

The  rosettes  obtained  by  these  methods  of  refining  are  far  from 
exhibiting  that  malleability  and  ductility  which  we  obaenre  in 
ordinary  commercial  sheet  copper ;  and,  in  order  to  communicate 
to  it  these  properties,  it  is  necessary  that  it  should  be  subjected 
to  a  final  and  very  delicate  operation,  which  can  only  be  snocess- 
iully  conducted  by  workmen  of  considerable  experience,  lliis 
toughening  is  not  on  the  Continent  effected  in  the  establishments 
where  the  rosette  copper  itself  is  produced,  but  is  more  commonly 
performed  in  the  workshop  of  the  copper-smith,  by  whom  tiie 
softened  metal  is  converted  into  the  various  utensils  for  which  it 
is  employed. 

For  this  purpose  the  rosettes  are  again  melted  in  a  little  fiff- 
nace,  similar  to  that  above  represented ;  and  as  soon  as  the  discs 
are  fused,  and  have  fallen  into  the  smaU  concave  basin,  the  surfru» 
of  the  bath  is  sparingly  covered  with  small  pieces  of  charooal,  by 
which,  after  a  certain  time,  the  oxide  is  entirely  reduced,  and  tlM 
metal  attains  its  state  of  greatest  malleability.  If,  however,  tiie 
exact  moment  for  stopping  the  operation  is  not  seized — Le.  when 
all  oxide  has  been  completely  reduced,  it  again  gradually  loses  its 
ductility,  from  entering  into  combination  with  a  portion  of  the 
carbon  by  the  aid  of  which  the  oxide  was  at  first  reduced. 

When  this  occurs,  which  is  easily  ascertained  by  the  r^ner,  who 
constantly  takes  samples  by  the  aid  of  an  iron  rod,  he  remove  the 
fuel  frtnn  the  metal,  and  allows  the  blast  fit)m  the  tuyere  to  pUy 
during  a  few  minutes  directly  on  the  surfiice  of  the  bath.  These 
operations  are  repeated  until  the  right  pUck  has  been  sand, 
when  the  metal  is  either  run  off  into  ingots,  or  is  cast  into  any 
form  which  it  may  be  required  to  assume.  The  great  art  in  this 
method  of  refining  is  to  hit  as  soon  as  possible  the  exact  point  at 
which  the  operation  should  terminate,  since,  if  these  reactions  be 
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imneoeflaarily  prolonged,  the  various  losses  incideiit  on  the  pnrifi- 
ctttioni  of  the  copper  will  be  considerably  increased. 

The  method  employed  for  the  separation  of  silver  by  amalga- 
mation from  copper  matts  containing  that  metal,  will  be  described 
when  treating  of  the  metallurgical  treatment  of  the  various  ores 
of  silver;  bat  when  lead  ores  and  fuel  are  to  be  obtained  with 
tolerable  fiicility,  and  at  a  moderate  cost,  the  separation  is  in  most 
insianoes  more  advantageously  conducted  by  a  proper  i^stem  of 


The  process  above  described  is  capable  of  producing  copper  of 
great  chemical  purity ;  but  in  this  respect  it  never  surpasses  the 
**  sdected  refined"  metal  of  our  own  smelters. 

Mnm  wmd  other  AMBrnju  mt  €«p»«r. — ^Pure  copper  is  but  little 
adapted  for  moulding,  as  it  not  only  requires  a  considerable  degree 
of  heat  to  effect  its  Vision,  but  is  also  extremely  liable  to  yield 
imperfect  and  air-blown  castings.  These  inconveniences  are  ob- 
viated by  the  addition  of  some  other  metal,  such  as  tin  or  zinc. 

"With  the  addition  of  a  proper  quantity  of  the  latter,  an  alloy 
is  produced,  which  not  only  fuses  readily  and  affords  good  casidngs, 
but  which  is  also  more  easily  worked  than  pure  copper  dther  at 
tiie  vice  or  in  the  lathe.  The  addition  of  zinc  matoriaUy  affects  the 
eoloor  of  the  copper  with  which  it  is  combined.  When  added  in 
■man  proportion  only,  the  alloy  assumes  a  golden-yellow  colour ; 
if  the  per-centage  of  zinc  be  more  considerable,  a  pale-straw  colour 
is  obtmned,  and  if  the  zinc  predominates,  the  colour  of  the  alloy 
18  ffreyish-white,  or  iron-grey. 

V  arious  alloys  of  this  kind  are  employed  in  the  arts,  of  which 
tiie  most  important  is  known  by  the  name  of  brass.  The  pro- 
portions of  the  two  metals  best  calculated  for  the  production  of 
fine  brass  seems  to  be  two  equivalents,  or  63*5  parts  of  copper,  and 
32*2  parts  or  one  equivalent  of  zinc,  or  very  nearly  two  parts  by 
weight  of  the  former  to  one  of  the  latter.  The  bright  coloured 
alloy  known  as  Prince  Rupert's  metal,  consists  of  one  equivalent 
of  zinc  and  one  of  copper,  or  nearly  equal  weights  of  each. 

Brass  or  hard  solder  consists  of  two  parts  of  brass  and  one  of 
fine,  to  which  a  little  tin  is  occasionally  added ;  but  when  the 
solder  is  required  to  be  very  strong,  as  for  uniting  the  edges  of 
tubes  intended  to  subsequently  undergo  drawing,  two  parts  of 
common  brass,  and  two-thirds  of  a  part  of  zinc,  are  employed. 
Mosaic  gold  consists  of  65  parts  of  copper,  and  85  of  zinc.  Bath 
metid  is  composed  of  78  parts  of  copper  and  22  of  zinc.  Pinch- 
beck and  Mannheim  gold  are  merely  different  names  for  an  alloy 
rimilar  to  Prince's  metal,  and  which  is  composed  of  three  parts  of 
eopper  and  one  of  zinc,  separately  melted  in  different  crucibles, 
and  afterwards  suddenly  mixed  and  incorporated  by  stirring.  The 
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praparation  of  brass  maj  be  viriously  oondocted.  In  some  loeali- 
ties  the  copper  and  sane  are  directily  melted  together,  as  at  tiie 
mamifitntoiy  of  HegermUhl,  on  the  Finon  Oanial  near  Potsdam, 
where  441bs.  of  Qldbrass,53  lbs.  of  refined  copper  granulated,  and 
24  lbs.  <^  zinc  are  operated  on  at  <me  time.  The  mixtnxe,  nindi 
weighs  120  lbs.,  is  divided  into  four  crodbles,  and  melted  in  a 
wind  funiace  with  pit  coal  fuel.  The  loss  experienced  during  tlia 
fiision  of  a  charge  of  this  kind  Tories  from  two  and  »-half  to  four 
pounds.  Instead  of  operating  in  this  way,  slips  of  copper  an 
sometimea  plunged  into  melted  zinc  until  a  somewhat  infiMihle 
alloy  is  obtained,  when  the  heat  is  raised,  and  the  remainder  of 
the  copper  added. 

The  brass  thus  obtained  is  broken  into  small  pieces,  and  aeain 
melted  with  a  fresh  quantity  of  zinc  to  obtain  tiie  finiahed  alloy. 
When  the  mixed  metal  is  intended  to  be  rolled  into  sheets,  it  is 
first  cast  into  thin  plates  by  ponzing  it  in  a  mould,  the  sides  of 
which  are  made  of  two  flat  slabs  of  granite,  mounted  in  an  inm 
frame,  and  kept  at  the  requisite  distance  firam  each  other  by 
parallel  bars  of  the  same  meiaL  After  having  once  or  twice  passed 
through  the  rdhng-mill  the  plates  become  too  hard  to  laminate 
with  fiunlily,  and  are  annealed  by  being  heated  to  redness,  and 
aUowed  to  cool  slowly  before  th^  are  again  passed  between  the 
rollers.  This  process  is  repeated  as  ottm  as  the  sheets  become 
too  hard  to  be  OQUTenienmy  wrought,  and  when  considerably 
reduced  in  thickness,  two  or  three,  or  even  six  or  seven  sheets, 
are  passed  together  between  the  rollers.  When  onl^  small  quan^ 
tities  of  brass  are  required,  it  is  made  by  melting  m  an  earthen 
or  black-lead  crucible  a  mixture  of  copper  and  old  brass,  to  whidi, 
immediately  before  the  aUoy  is  to  be  poured  into  the  mould  pre- 
pared for  its  reception,  is  added  a  proper  amount  of  zinc.  Hie 
reason  for  adding  the  zinc  at  so  late  a  period  of  the  operation  is 
to  prevent  its  bang  again  driven  off  by  the  great  heat  to  wludi 
it  is  exposed. 

Pieces  of  copper  are  sometimes  externally  converted  into  Inrass 
by  exposure  when  at  a  red  heat  to  the  vapour  of  rinc :  in  this  way 
are  prq>ared  the  copper  bars  from  whicii  the  so-called  gold  wire 
of  Lyons  is  manufactured. 

Copper  is  also  extensively  alloyed  with  tin,  in  combination  witii 
which  it  yields  many  valuable  compounds,  yariously  named  in 
accordance  with  their  respectiye  compositions  and  uses. 

Qun-metal  of  which  cannons  are  made  consists  of^  copper  91 ; 
tin  9. 

Bell-metal  is  composed  of,  copper  78 ;  tin  22. 

The  alloy  of  whidi  gongs  and  cymbals  are  manufactured  has 
usually  the  foUowing  composition  ^---Copper  80 ;  tin  20. 
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An  alloy  for  teleecope  mirrors  consists  of  67  parts  of  copper 
and  38  of  tin,  whilst  that  employed  for  medals  is  composed  of  95 
poHs  of  copper  and  5  of  tin,  to  which  a  trace  of  zmc  is  occaMonally 
added  for  tiie  purpose  of  improving  the  tint. 

The  alloys  of  copper  and  tin,  ^though  extensively  important 
m  the  present  day,  were  evidently  much  more  so  hefore  the  use 
of  iron  was  generally  known,  since  prior  to  that  period  they  were 
ahnoet  exdnsively  employed  in  the  manu&cture  of  catting  mstni- 
ments ;  far  this  purpose  a  mudnire  of  90  parts  of  copper  to  10  of 
tin  was  most  commonly  used,  although  a  little  lead  was  occa- 
Donally  added  apparently  with  a  view  of  imparting  to  the  alloy  a 
certain  degree  of  toughxiess. 

The  preparation  [and  fusion  of  these  different  mixtures  is,  ac- 
eording  to  the  quantities  required,  conducted  either  in  a  rever- 
beratory  fbmaee,  or  in  crucibles  heated  by  a  strong  coke  fire. 
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COBALT. 

Equiv.  =  29-62.    Density  =  8'63. 

Cobalt  is  a  metal  of  a  steel-grej  colour,  and  ib  aasoqptiUe  of 
receiving  a  high  polish ;  bat,  from  the  difficulty  e^erieneed  in 
its  preparation,  and  its  peculiar  properties,  it  is  never  employed 
in  the  metallic  state.  Pure  metallic  cobalt  may  be  obtained  hf 
the  reduction  of  its  oxides  by  the  aid  of  heat  and  hydrogen  gas, 
but  the  metal  thus  procured  is,  from  its  finely  divided  state,  hi^y 
pyrophoric.  To  obtain  this  metal  in  a  more  compact  and  less 
oxiduable  form,  the  oxide  may  be  strongly  heated  in  a  poredaiii 
tube,  passing  through  the  cavity  of  a  large  assay  furnace.  The 
reduction  must  in  this  case  also  oe  effected  by  a  current  of  hydro- 
ffengas;  but  from  the  elevated  temperature  at  which  the  opentioii 
IS  conducted  a  sort  of  aggregation  of  the  particles  is  obtained,  and 
by  this  its  tendency  to  n^id  oxidation  is  prevented.  The  oxides 
of  cobalt,  like  those  of  iron,  are  readily  reduced  by  the  action  c^ 
carbon  at  an  elevated  temperature,  and  give  rise  to  the  production 
of  a  carburet  of  cobalt  corresponding  to  the  well-known  carbaret 
of  the  former  metal.  Cobalt  is  less  readily  than  iron  acted  on  by 
a  moist  atmosphere,  but  by  continued  exposure  becomes  covered 
by  an  oxide  of  a  dark-brown  colour. 

OBIS  07  COBALT. 

The  ores  of  cobalt  are  readily  distinffuished  from  other  minerals 
by  their  property  of  affordinga  fine  Idue  colour  when  fused  wr& 
borax  betore  the  blowpipe.  The  principal  ores  of  this  metal  aie 
the  following : — 

tauditee  occurs  in  octahedrons,  cubes,  and  dodecahedrons,  more 
or  less  modified.  Colour,  tin-white,  inclining  to  steel-grey ;  struc- 
ture, granular  and  mieven ;  density,  6'4  to  7*2.  This  ore  essen- 
tially consists  of  cobalt  and  arsenic,  although  their  relative  pro- 
portions are  subject  to  considerable  variation.  It  is  found  in  veins 
associated  with  silver  and  copper ;  occurs  in  Cornvrall,  Bohemiai 
Hessia,  and  more  abundantly  at  Schneeberg  in  Saxony. 

t  is  an  earthy  mineral  of  a  Uue-black  colour, 
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which  oocnrB,  more  or  less  mixed  with  hlack  oxide  of  manganese, 
in  many  localities,  particularly  in  Cornwall,  Germany,  and  Austria. 
It  is  also  found  in  considerable  abundance  in  the  Missouri  dis- 
tricts, United  States  of  America.     The  ore  from  this  locality 
analysed  by  Prof.  Silliman,  afforded  40  per  cent,  of  oxide  of  cobalt 
associated  with  the  oxides  of  nickd,  manganese,  iron,  and  copper. 
AiaiMiBiii  mt  CMbalt  presents  itself  in  thin  obHque  crystals,  hav- 
ings a  perfectly-defined  cleavage  and  foliaceous  structure.    It  also 
occurs  aa  an  incrustation  on  other  minerals,  and  in  compact  reni- 
foam  masses.    Its  colour  is  a  pinkish-purple,  resembling  tiiat  of  the 
peadi-blossom ;  when  scratched,  it  affords  a  greenish  streak.  This 
mineral  is  generally  associated  with  lead  and  silver,  or  with  other 
Oires  of  cobalt,  and  is  abundantly  found  at  Schneeber^  in  Saxony, 
Saalfipld  in  Thuringia,  and  Ki^elsdorf  in  Hessia.  It  is  also  found 
in  England,  in  the  counties  of  Cornwall  and  Cumberland,  but  does 
not  occur  in  this  country  in  sufficient  abundance  to  render  its 
extraction  a  matter  of  commercial  importance.    Its  composition,  • 
according  to  Dana^  is  39*2  of  oxide  of  cobalt,  37*9  of  arsenic  add, 
and  22*9  of  water.    When  heated  it  gives  off  arsenical  fumes,  and 
fused  with  borax,  affords  a  bead  of  a  fine  blue  colour. 
I  The  various  preparations  of  cobalt  are  chiefly  used  for  painting 

ion  pottery,  and  are  for  this  purpose  largely  imported  firom  Ger- 
many, eitiier  in  the  state  of  oxide  or  in  the  form  of  a  sihcate 
known  as  mwil  or  azwre  blue. 

iRatiMHri—  •£  c«kaii« — ^This  metal  is  commonly  estimated  in 
the  metallic  state,  and  for  this  purpose  the  oxide  obtained  by 
predpitation  with  caustic  potash  is  reduced  by  a  current  of 
nydroMzen  gas  passed  over  it,  when  heated  to  redness,  in  a  tube  of 
hard.  German  glass* 

Cobalt  is  separated  from  the  alkalies  and  alkaline  earths  by 
sulphide  of  ammonium,  which  predpitates  it  as  sulphide.  When 
magnesia  ia  present  in  the  compound  examined,  iis  predpitation 
moat  be  prevented  by  the  addition  of  chloride  of  ammonium  to  the 
solution,  previous  to  the  introduction  of  the  alkaline  sulphide. 
Oxide  of  cobalt  is  readily  separated  fit)m  alumina  by  excess  of 
caustic  potash,  which  dissolves  the  latter,  and  leaves  the  oxide  of 
cobalt  unaffected. 

The  separation  of  cobalt  from  iron  is  obtained  in  various  ways, 
hut  among  the  most  simple  of  these  is  the  following : — The  iron 
is  first  peroxidised  by  the  addition  of  nitric  add,  and  afber  having 
added  a  suffident  amount  of  chloride  of  ammonium  to  keep  the 
cobalt  in  solution,  the  iron  is  thrown  down  by  an  excess  of  am- 
monia. The  cobalt  is  subsequently  predpitated  from  the  filtrate 
by  the  addition  of  sulphide  of  ammonium.  The  separation  of  cop- 
per and  lead  from  ores  of  cobalt  is  easily  obtained  by  sulphuretted 
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hydrogen,  which  predpitatee  the  two  fixnnor  without  affeetoig 
the  latter. 

The  oomplete  eepantion  of  cobalt  from  nuDganete  is  attended 
with  coEisiderable  difficulty.  One  of  the  best  methods  of  oonductiiig 
this  operation  is  the  following  s — ^The  mixed  oxides  aie  firaA  heated 
in  a  cnrrent  of  hydrochloric  add  gas,  for  the  pnipose  of  convertiiig 
them  into  dilorides;  they  are  then  heated  in  the  same  tdbe,tlaoiigh 
which  a  cnrrent  of  hydrogen  gas  is  now  conducted :  this  redaoes 
the  chloride  of  cobalt  to  tiie  metallic  state,  whilst  the  i^iloride  of 
manganese  remains  miafiected,  and,  on  treating  the  mixtoie  witli 
warm  water,  is  completely  removed  in  sdntion* 

BMAIit  OB  AaUBaS  BL1TB. 

This  substance,  whidi  is  eztensiyely  employed  as  a  pigment  ftr 
producing  a  Uue  colour  on  various  kinds  of  potteiy,  as  also  by 
paper-stamers  and  house-painters,  is  chiefly  msnnfactmed  in  Saxony 
and  Bohemia,  where  the  greater  portion  is  produced  by  the  tnat> 
ment  of  the  natural  arseniosulphide  of  cobalt.  The  ore  destined 
for  the  manufacture  of  smalt  is  first  roasted  in  a  reverberatory  fur- 
nace, having  in  communication  with  its  flue  a  hof^  chamber  §ar 
the  purpose  of  condensing  the  arsenical  fames  which  are  evolved. 
After  having  been  suitably  roasted  in  tbis  fiomace,  i^  oro  is 
mixed  with  pure  siliceous  sand  and  carbonate  of  potash,  in  the 
proportion  of  50  parte  of  silicic  add,  20  to  22  of  a&ali,  and  from 
25  to  30  parts  of  the  prepared  mineraL  The  fluion  is  now  con- 
ducted in  large  earthen  pots,  arranged  in  a  furnace  similar  to 
those  employeii  in  the  preparation  of  glass.  The  fusion  of  the 
mixture  first  commences  at  the  surfiu^,  where  it  becomes  pasty 
and  cavernous  from  the  gases  evolved  during  the  process.  At  the 
expiration  of  five  hours  from  the  charging  of  the  furnace,  l^e  con- 
toits  of  the  pots  receive  a  first  stirring  with  a  long  iron  rod,  and 
this  is  repeated  once  every  hour  until  the  glass  has  become  per- 
fectly fused  and  adheres  firmly  to  the  stirrer  witiumt  any  appear- 
ance of  air  bubbles.  The  contents  of  each  pot  are  now  fotmd  to 
be  airanged  in  three  distinct  strata.  The  first  consists  of  a  light 
blue  glass,  which  is  at  once  removed ;  the  second  is  the  tme  cobalt 
bine ;  and  the  third,  which  accumulates  at  tiie  bottom  of  the  pots, 
a  fusible  matt,  generally  containing  nickel,  and  known  by  the  name 
of  i^Mus.  Aj£ar  the  removal  of  the  l%ht  blue  giass,  1»e  smalt  is 
laded  out  fix>m  the  pots  with  a  large  iron  ladle  and  thrown  into  a 
reservoir,  through  which  a  current  of  water  is  oonstantly  made  to 
flow.  By  this  treatment  it  becomes  split  into  innumearable  firag- 
ments,  and  its  subsequent  pulverisation  is  consequently  mndi  fino* 
lit&ted.    When  the  pots  have  been  neady  emptied,  ike  qpeiss 
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together  witli  a  little  smalt,  is  removed  by  the  ladle :  the  former 
being*  completely  'Hqiiid,  readily  separates  from  the  more  viscous 
glass  which  adheres  to  the  ladle,  whilst  the  metallic  matt  is  nm 
into  cast  iron  moulds.  These,  during  the  time  they  remain  hot, 
give  off  dense  arsenical  vapours,  and  are,  therefore,  so  placed  in 
niches  in  the  furnace  as  to  be  in  direct  communication  with  the 
draught  of  the  chimney. 

The  deeply-coloured  blue  glass,  alter  being  removed  from  the 
vat  into  which  it  has  been  thrown,  is  first  pounded  under  a  stamp- 
ing mill,  a&d  then  ground  with  water  to  the  state  of  an  impalpable 
pulp  between  large  granite  mill-stones.  The  blue  pulp  thus  ob- 
tained is  afterwards  suspended  in  water  for  the  purpose  of  separating 
the  coarser  fragments,  which  are  the  first  deposited,  and  again  made 
to  pass  through  the  granite  mills.  After  having  been  allowed  to 
stand  a  certain  time,  the  supernatant  liquor  is  drawn  off  into  a 
series  of  reservoirs,  in  which  the  powder  gradually  deposited  is 
chwaifted  in  aoconbmce  with  its  order  of  deposition.  Hie  different 
products  thus  obtained  vary  in  colour  with  the  greater  or  less  fine- 
ness of  the  particles  of  which  they  are  composea. 

CpftBit  siae,  OT  ThMUtftffe Sbie,  is  prepared  by  precipitating  a 
SGthxtion  of  BuJ^hate  or  nitrate  of  cobalt  by  phosphate  of  potuh, 
and  adding  to  the  resulting  gelatinous  deposit  from  three  to  four 
times  its  volume  of  freshly  deposited  alumina,  obtained  by  the 
addition  of  carbonate  of  soda  to  a  solution  of  common  alum.  This 
mixture,  after  being  well  dried  and  calcined  in  a  crucible,  affords, 
when  properfy  groimd,  a  beautifril  blue  pigment. 


0  0 


(886) 


NICKEL. 

Equiv.  =  29-57.    Density  =  8-3. 

Nickel  is  a  metal  of  a  gieyish-white  colour,  much  mote  dodib 
and  malleable  than  cobalt,  and  posReased  of  magnetic  propertieB 
but  little  inferior  to  those  of  iron,  although  when  strongly  heated 
this  property  almost  entirely  diaappearB.  The  sur&ce  of  polished 
nickd  is  but  slightly  affected  by  exposure  to  a  moist  atmosphere, 
but  when  heated  in  contact  with  air  it  quickly  becomes  covered 
by  a  green  oxide. 

Pure  metallic  nickel  may  be  prepared  i&om  its  oxide  by  tiie 
process  made  use  of  in  the  preparation  of  cobalt,  and  when  ih» 
obtained  has  much  the  appearance  of  the  pulverulent  cobalt  simi- 
larly produced.  When  oxide  of  nickel  is  strongly  heated  with 
charcoal,  in  a  wind  furnace,  it  becomes  reduced  to  the  mdallie 
state,  and,  by  oombininp^  with  a  portion  of  the  carbon  present, 
gives  rise  to  the  formation  of  a  Visible  carburet,  which  coUecti  m 
the  form  of  a  button  at  the  bottom  of  the  crucible  in  which  the 
fusion  has  been  conducted.  When  treated  either  by  hydrodiloric 
or  weak  sulphuric  acid,  this  metal  dissolves  with  the  evolution  of 
hydrogen  gas. 

Ons  •£  N ickeL — ^The  ores  of  nickel,  with  but  few  exceptions, 
have  a  pale  colour,  and  metallic  lustre.  In  some  respects  they 
resemble  those  of  cobalt,  but  aie  distinguished  from  them  by  not 
communicating  a  blue  colour  to  borax,  when  fused  before  the 
blowpipe.  Specimens  of  native  nickel  have  been  obtained  from 
Westerwald,  m  the  Erzgebirge,  but  it  is  not  found  in  sufficient 
quantities  to  constitute  an  article  of  commerce. 

c«pvcr  N lekd  $  Kupfemickel. — ^This  is  a  mineral  of  a  pale  copper 
colour,  affording  a  brownish-red  streak.  It  usually  occurs  massive, 
and  has  a  metallic  lustre.  It  is  extremely  brittle,  and  has  a 
specific  gravity  varying  from  7*3  to  7*5.  This  ore  is  essentially 
composed  of  44  parts  of  nickel  and  54  of  arsenic,  but  a  portion 
of  the  latter  body  is  not  unfirequently  replaced  by  a  corresponding 
amount  of  antimony.  When  heated  before  the  blowpipe,  it  gives 
off  alliaceous  fumes,  and  subsequently  fuses  into  a  pale  greeo. 
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globule,  which  darkens  on  exposure  to  the  oxidising  flame.  Copper 
nickel  is  generally  found  associated  with  the  ores  of  copper,  silver, 
and  cobalt,  and  is  principally  obtained  from  the  mines  of  Saxony  : 
small  quantities  have,  however,  been  raised  in  this  country,  and 
particularly  at  Pengelley  mine,  in  Cornwall. 

Among  the  other  ores  belonging  to  this  class,  although,  from 
theb  scarcity,  of  much  less  commercial  importance  than  the  above, 
may  be  mentioned  the  following: — Nickel  glance,  an  arsenical 
ore,  occurring  both  massive  and  in  cubical  crystals.  This  mineral, 
which  is  of  a  steel-grey  colour,  is  found  in  Sweden,  the  Hartz,  and 
at  Schladming  in  Austria.  It  contains  38  per  cent,  of  nickel, 
and  has  a  specific  gravity  of  about  6*7.  Jrhite  nickd,  another 
arsenical  ore,  found  at  Beichelsdorf  in  Hesse  Cassel,  and  Schnee- 
berg  in  Saxony ;  it  contains  firom  20  to  30  per  cent,  of  nickel. 
Nidcd  sUbins,  an  antimonial  sulphide  of  nickel,  containing  from 
25  to  29  per  cent,  of  the  latter  metal.  Antimonial  mckd,  con- 
taining 29  per  cent,  of  nickel,  and  no  sulphur.  It  is  a  pale 
copper-coloured  mineral  from  the  Andreasbeig  mountains. 

Nickel  Pyvtea  is  a  brass-yellow  sulphide  of  nickel,  occurring 
in  ihombohedral  crystab,  and  in  delicate  capillarr  forms.  This 
ore,  which  is  found  in  small  quantities  in  Bohemia,  Saxony,  and 
Cornwall,  contains  64  per  cent,  of  nickel,  and  has  a  density  of  5*8. 
NidceUferous  pyritee,  a  double  sulphide  of  iron  and  nickd,  of  a 
bronze-yeUow  colour,  containing  from  2  to  22  per  cent,  of  that 
metal,  is  obtained  from  southern  Norway.  A  similar  compound, 
containing  from  10  to  12  per  cent,  of  nickel,  has  recently  been 
discovered  in  the  neighbourhood  of  Inverary,  in  Scotland,  and  is 
noticed  by  Mr.  King  as  occurring  in  the  La  Motte  mine,  in  the 
U.  S.  of  America.  Another  sulphide  of  nickel,  containing  bis- 
muth, has  been  found  in  some  of  the  Prussian  mines,  which  have 
also  produced  specimens  of  arseniate  of  nickel  of  a  beautiful  apple- 
green  colour. 

Ctevoi  OxMe  cT  Nickel  usually  occurs  as  an  incrustation  on  other 
minerals.  It  is  nearly  transparent,  of  a  bright  emerald-green 
colour,  and  has  a  vitreous  luske.  Another  oxide  of  nickel,  of  a 
brown,  or  nearly  black  colour,  and  containing  variable  quantities 
of  sulphur,  is  found  in  connection  with  the  ores  of  cobalt,  at  the 
mine  of  La  Motte,  in  the  Missouri  district. 

MmUmmtimm  mt  HldMl,  mmA  te  MpaniiMi  ttmm  Cetalli — Nickel, 
like  cobalt,  is  weighed  in  the  metaUic  state,  for  which  purpose  its 
oxide,  precipitated  by  caustic  potash,  is  reduced  by  bemg  heated 
to  redness  in  a  hard  glass  tube,  through  which  a  current  of  hydro- 
gen gas  is  made  to  pass.  The  separation  of  nickel  from  other 
metsds  is  effected  by  the  same  processes  as  are  employed  for  the 
elimination  of  cobalt,  and  it  will  therefore  be  merely  necessary 
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to  describe  the  method  of  separating  these  metals  from  each  other. 
One  of  the  most  simple  means  by  which  this  obiect  may  be  effected 
is  the  foUowing :  To  the  solution  containing  the  two  oxides  to  be 
separated,  is  added  a  slight  excess  of  oxalic  add,  by  which  tiiey 
are  both  precipitated.  The  deposit  thus  obtained  is  now  redis- 
solved  in  ammonia,  and  the  solution  placed  in  an  uncorked  flask, 
and  thus  left  exposed  to  the  air.  By  this  means  the  ammonia  is 
gradually  dissipated,  and  in  proportion  as  it  is  CTolved  the  liquor 
kMes  its  power  of  dissolving  the  oxalates  which  it  contains.  The 
two  salts  are  not,  however,  equally  soluble  in  the  vdafcile  alkali, 
and  a  point  is  therefore  arrived  at  when  the  oxalate  of  nickel, 
which  is  of  the  two  the  least  soluble,  begins  to  be  predptated, 
whilst  the  whole  of  the  oxalate  of  cobalt  is  still  retiwied  m  solu- 
tion. In  proportion  as  the  oxalate  of  nickel  is  deposited,  ihe 
liouor  gradually  assumes  a  redder  tint,  and  when  it  has  acquired  a 
full  red  colour,  the  whole  of  the  nickel  has  been  deposited,  and  the 
liquor  containing  the  cobalt  must  be  carefully  syphoned  off,  and 
the  predpitate  washed  with  distilled  water.  ^JHie  oxalate  of  nickd 
thus  obtained  invariably  contains  a  small  quantity  <^  oxalate  of 
cobalt,  which  must  be  separated  by  a  second  solution  in  ammonia, 
and  exposing  the  Uquor  to  spontaneous  evi^ration  in  a  warm  part 
of  the  laboratoiy. 

Another  method  by  which  this  s^Nyration  may  be  effected  wi& 
considerable  accuracy  is  the  followmg :  the  two  oxides  are  first 
dissolved  in  hydrochloric  add,  and  ihe  liquor  afterwards  consider- 
ably diluted  with  distilled  water.  The  liquor  is  now  satozated 
witn  chlorine  gas,  and  an  excess  g[  predpitated  carbonate  of 
baryta  added.  The  liquor,  which  must  be  cold  at  the  time 
this  addition  is  made,  is  afberwards  set  aside  for  about  18  hours, 
at  the  expiration  of  which  time  the  cobalt  will  be  entirely  pre- 
dpitated in  the  form  of  sesquioxide,  whilst  the  nickel  is  retamed 
in  solution.  The  predpitate,  consisting  of  sesquioxide  of  cobalt, 
and  tiie  excess  of  carbonate  of  baryta,  is  odlected  on  a  filter, 
and  after  bdng  carefully  washed  is  dissolved  in  hydrochlorie  acid. 
From  this  liquor  the  baryta  is  separated  by  sulphuric  add,  and 
the  sesquioxide  of  cobalt  subsequently  predpitated  by  caostic 
potash. 

XETAXLiniOT  OF  VfCTOSi. 

The  nickel  of  commerce  is  chiefly  obtained  from  kupfemickel, 
nickeliferous  pyrites,  and  fix>m  the  speiss  obtained  as  a  seoondaiy 
product  in  the  treatment  of  nickeliferous  ores  of  cobalt.  The  most 
productive  mines  of  this  metal  are  those  of  Saxony,  Germany,  and 
Norway.    The  preparation  of  pure  nickel  flrom  speiss  is  conducted 
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in  accordance  with  a  method  first  proposed  by  Wohler.  The 
powdered  spdss  is  roasted,  first  alone,  and  afterwards  with  the 
addition  of  powdered  charcoal,  to  effect  the  separation  of  its 
arsenic  The  residue  obtained  by  this  process  is  now  mixed  with 
three  parts  of  sulphur  and  one  purt  of  carbonate  of  potash,  and 
then  faaed  in  a  large  earthen  crucible.  This  product  is  now 
edulcorated  with  warm  water,  by  which  the  arsenic  and  sulphur 
associated  with  potassium  are  dissolved,  while  the  nickel,  in  the 
fcmn  of  sulphide,  remains  at  the  bottom  of  the  vessel  in  which 
the  (operation  has  been  conducted.  When,  as  sometimes  happens, 
firom  the  employment  of  too  high  a  temperature  at  the  commence- 
ment of  the  roasting,  the  whole  of  its  arsenic  has  not  been  ex- 
pelled, the  operation  must  be  repeated  on  the  residual  sulphide 
thus  obtained.  As  soon  as  they  have  been  entirely  j&eed  firom 
arsenic,  the  sulphides  are  well  washed  with  warm  water,  and  then 
dissolved  in  sulphuric  acid,  to  which  a  small  quantity  of  nitric 
add  has  been  added :  the  precipitation  of  the  lead,  copper,  and 
bismuth  which  may  be  present,  is  determined  by  a  current  of  sul- 
phuretted hydn^n  gas,  and  the  metals  which  still  renuun  in 
solution  are  afterwards  precipitated  by  an  alkaline  carbonate. 
This  precipitate,  after  b^ng  well  washed,  is  now  treated  with  an 
excess  of  oxalic  acid,  which  forms  a  soluble  oxalate  of  iron,  and 
leaves  behind  an  insoluble  oxalate  of  the  oxides  of  cobalt  and 
nickeL  This  residue  is  then  dissolved  in  ammonia,  and  treated 
as  already  described.  The  oxalate  of  nickel  deposited  fi'om  this 
solution  18,  after  being  carefully  washed  to  remove  any  traces  of 
the  ammoniacal  liquor,  ignited  in  a  close  crucible,  having  an  aper- 
ture in  the  Hd  for  the  escape  of  the  evolved  gases. 

It  is  understood  that  great  improvements  in  this  process  have 
recently  been  made,  but  as  the  manipulations  employed  are  kept 
a  secret  by  the  manufacturers,  it  would  be  difficult  to  ascertam 
the  exact  routine  of  their  operations.  It  is,  however,  extremely 
probable  that  something  like  the  following  process  is  that  now 
employed.  The  roasted  ore^  or  speiss,  after  being  dissolved  either 
in  sulphuric  or  hydrochloric  acid,  to  which  either  nitric  acid  or 
nitrate  of  soda  has  been  added,  to  peroxidise  the  metals,  is  placed 
in  large  vessels,  in  which  the  insoluble  matters  are  allowed  to 
subside.  The  clear  liquor,  after  it  has  cooled,  and  the  copper  and 
lead  have  been  precipitated  by  sulphuretted  hydrogen,  may  be 
decanted  off,  and  tr^ted  by  carbonate  of  lime,  in  the  form  of 
common  chalk,  by  which  the  iron,  and  traces  of  cobalt,  will  be 
precipitated,  whilst  the  greater  portion  of  the  cobalt,  and  the 
whole  of  the  nickel,  will  remain  in  solution.  After  the  oxide  of 
iron  thus  precipitated  has  subsided,  and  the  liquor  has  been  again 
syphoned  o£^  the  cobalt  may  be  thrown  down  by   saturating 
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the  solution  with  chlorine  gas,  hy  the  addition  of  hypochlorite  of 
Hme,  and  then  adding  carhonate  of  lime  or  carhonate  of  haiyta. 
The  Hquor  syphoned  from  this  solution  contains  the  whole  of  the 
nickel,  which  may  now  he  precipitated  hy  ehulhtion  with  hydrate 
of  Hme,  and  dried  and  reduced  m  the  usual  manner. 

ApiplicaiinM  m£  HiduL — ^The  nickel  ohtained  in  this  countrf  is 
chiefly  employed  for  the  manu&cture  of  Arffeniane^  or  Gferman 
HlveTf  which  is  an  alloy  of  this  metal  with  zinc  and  copper: 
nickel  likewise  forms  one  of  the  constituents  of  the  tutenague  of 
China,  and  the  padfong  of  the  East  Indies.  Being  exchuiTely 
used  as  an  alloy,  the  nickel  of  commerce  comes  into  the  market 
in  the  form  of  finely  divided  grains,  or  granulations  of  the  size  of 
small  heans.  The  hest  German  silver  consists  of  8  parts  of  cop- 
per, 3  of  nickel,  and  8|  parts  of  zinc,  hut  a  more  common  and 
mferior  variety  is  sometimes  manufactured  ftom  8  parts  of  ooppo*, 
2  of  nickel,  and  4  of  zinc. 
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TIN. 

Eqniv.  =  58-82.    Density  =  7-29. 

Tnr  is  a  white  metal,  poBsessed  of  a  lustre  doselj  ap^ 
that  of  silver ;  it  has  a  characteristic  taste,  and  aa  odour  which 
beoomes  peculiarlj  evident  after  a  bar  of  this  metal  has  been 
8%htl7  warmed  by  beinff  held  for  some  time  in  the  hand.  It  is 
extremely  malleable,  and  may  consequently  be  reduced  into  veiy 
thin  leaves  by  hammering :  at  the  temperature  of  212^  Fahr.  this 
property  is  considerably  mcreased. 

This  metal,  although  flexible,  is  not  very  tenacious,  and  when 
bent  emits  a  peculiar  crackling  sound,  called  the  ''  oveaking  "  of 
tm.  This  phenomenon  is  produced  by  the  rubbing  together  of 
the  surfiaces  of  the  minute  metallic  crystals  of  which  the  ingot  is 
composed,  and  which,  by  their  friction  against  each  other,  cause 
a  perceptible  elevation  of  temperature  when  a  bar  has  been  repeat- 
edly bent  and  again  straightened. 

Tin  melts  at  a  temperature  of  442**  Fahr.  and  when  very  strongly 
heated  gives  off  distinct  white  fumes,  which,  however,  appear  to 
possess  an  extremely  feeble  tension,  since  a  mass  of  metal,  when 
heated  in  a  smith's  forge,  experiences  but  a  slight  loss  of  weight 
by  a  prolonged  exposure  to  a  full  red  heat.  Tm  exhibits  a  great 
tendency  to  crystallisation,  and  this  property  may  be  readily  made 
apparent  by  attacking  its  sur&ce  by  some  add  capable  of  removing 
the  exterior  peUide.  When  this  has  been  done,  the  surfisuse 
assumes  a  mottled  appearance,  caused  by  the  irregular  reflection 
of  the  fern-like  crys^ds  brought  to  light  by  the  action  of  the 
md.  A  process  of  this  kind  is  sometimes  employed  to  improve 
the  appearance  of  snuff-boxes,  and  other  objects  made  of  tin-plate, 
which,  after  bdng  thus  treated,  and  subsequently  covered  with  a 
coating  of  transparent  and  slightly  coloured  varnish,  present  a 
variegated  and  prettily  marked  surface. 

1^  may  also  be  made  to  cirstallise,  by  fasang  a  considerable 
weight  in  a  ladle  or  crudble,  which  is  afterwards  allowed  to  cool 
veiy  gradually  in  a  heated  sand-bath,  and  as  soon  as  a  solid  pellide 
has  formed  on  the  surface  of  the  bath,  it  is  pierced  with  a  hot 
iron,  and  the  internal  portions  which  still  exist  in  the  liquid  state 
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are  run  out.  By  operating  in  thu  way,  dystaLs  of  considerable 
size,  though  rarely  pofisessing  sharp  and  well-defined  edges,  will 
be  found  lining  the  cavity  &om  which  the  fluid  metal  has  been 
removed.  Tin  may  likewise  be  deposited  from  its  solutions  in  s 
crystalline  state,  by  electric  agency,  and  is  by  this  means  obtained 
in  the  form  of  elongated  and  very  brilliant  prisms,  of  which  the 
exact  relations  have  not  been  accurately  detmnined. 

The  tin  of  commerce  is  never  quite  pure,  but  is  contaminated 
by  the  presence  of  various  other  bodies,  and  particularly  arsenic 
and  tungsten.  To  obtain  it  in  a  state  of  chemical  puri'fy,  granu- 
lated tin,  or  tin-filings,  may  be  oxidised  by  an  excess  of  nitric 
add,  and  the  resulting  stanmc  acid  washed  first  with  hydzoddoric 
acid,  and  subsequently  with  water. 

llie  peroxide  of  tin  thus  obtained  is  now  reduced  to  the 
metallic  state  by  being  subjected  to  a  low  white  heat  in  a  dosed 
crucible  hned  with  charcoal.  If  pure  water,  instead  a£  hydro- 
chloric acid,  be  used  for  washingthe  penndde,  it  is  liable  to  retain 
traces  of  copper  held  in  combination  by  the  stannic  acid.    . 

Tin  is  not  usually  affected  by  exposure  to  the  air  at  ordinary 
temperatures,  but  when  fused  its  sur£Eu»  is  rapidly  covered  with  a 
pellicle  of  a  greyish  colour,  consisting  of  a  mixture  of  the  pro- 
toxide of  the  metal  with  stannic  acid. 

This  oxidation  of  tin  proceeds  with  much  greater  rapidity  at 
more  elevated  temperatures,  and  when  heated  to  whiteness  be- 
comes so  active  as  to  be  attended  with  distinct  oombostion, 
accompanied  by  a  strong  white  flame.  At  a  red  heat  it  is  oxidised 
by  contact  with  wateiy  vapour,  and  is  rapidly  converted  jxkto  the 
peroxide  with  the  evolution  of  hydrogen  gas. 

It  is  dissolved  in  concentrated  hycbocUoric  add,  with  the  pro- 
duction of  hydrogen  gas.  Simile  results  ne  obtained  when  it  is 
acted  on  by  warm  dilute  sulphuric  add,  but  the  action  ia  in  this 
case  extremely  slow.  Concentrated  sulphuric  add  acts  ener- 
getically on  metallic  tin,  with  the  fonnation  of  sulphate  of  the  pro- 
&xide,  and  the  evolution  of  sulphurous  add  gas.  Nitric  acid 
readily  oxidises  tin,  and  conyerts  it  into  stannic  add.  If  the  add 
employed  be  moderately  concentrated,laxge  quantilaes  <^  deutoxide 
of  nitroffen  are  evolved.  When,  however,  veiy  dilute  add  is  used, 
the  oxiiution  is  slowly  effected,  and  no  gas  is  given  aS,  since  by 
the  mutual  decompodtion  of  the  metal  and  nitnc  add,  peroxide  of 
tin  and  nitrate  of  ammonia  are  simultaneously  produced.  If  a 
fragment  of  metallic  tin  be  plaoed  in  a  yessel  containing  niano- 
hydrated  nitric  add,  that  is,  add  at  its  utmost  statte  of  concen- 
tration, it  is  not  in  the  alightest  degree  acted  on,  but  retains  its 
brilliancy  of  surface  as  perfectly  as  if  merely  exposed  to  atmos- 
pheric influences.    On  the  addition,  however,  of  a  few  drops  of 
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wator,  a  violent  action  on  the  metal  is  instantly  set  up,  and  a 
krge  portion  of  the  liquid  is  frequently  carried  over  the  sides  of 
the  vessel  by  the  n^id  escape  of  the  gases  evolved.  Tin  is  like- 
wise readily  attack^  by  aqua  regia,  which,  if  the  hydrochloric 
acid  be  in  excess,  gives  rise  to  the  formation  of  a  perchloride  of 
the  metal. 

Water  is  decomposed  by  tin  in  the  presence  of  the  fixed  alka- 
Ses ;  as,  on  heating  this  metal  in  a  concentrated  solution  of  either 
potash  or  soda,  hyd»^pen  gas  is  evolved,  and  a  stannate  of  the  base 
obtained. 

OBSB  GIT  Tnr. 

OAkto  •f  tih)  Etcdn  oxydi:  Ziimstem. — ^The  tin  of  commerce 
'  is  ezchisiveF^  obtained  from  the  native  oxide  of  that  metal,  which 
belongs  almost  exclusively  to  the  primitive  formations,  and  is  chiefly 
met  with  in  veins  traversing  granite,  gneiss,  and  mica  slate.  Oxide 
of  tin  belongs  to  the  right  prismatic  system^  and  has  a  specific 
gravity  varying  from  6*3  to  V'l.  Its  colour  is  usually  brown  or 
Uaek,  but  sometimes  red,  grey,  white,  or  yellow.  It  has  an  im- 
perfeot  conchoidal  firactnrey  a  grey  streak,  and  a  highly  adamantine 

When  pure,  this  mineral  consists  of  tin  78*62,  oxygen  21*88. 
It  is,  however,  frequently  associated  with  other  metals,  and  often 
contains  arsenic,  tungsten,  a  Httle  oxide  of  iron,  and,  more  rarely, 
oxide  of  columbium. 

A  specimen  of  oxide  of  tin  from  Cornwall,  analysed  by  Klaproth, 
gave  the  following  results  *. — 

Tin 77-50 

Oxygen        ....  21-60 

Oxide  of  iron  0-26 

Silica 0-76 
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The  eomposiiiim  of  this  mineral,  as  well  as  that  of  artificial 
stamdc  add,  may  be  expressed  by  the  formula  Sn02.  ^6  most 
eommonly  occurring  crystals  are  square-based  prisms  terminated 
by  four  triangular  races,  which  may  be  more  or  less  modified  on 
their  edges  and  angles.  It  sometimes  also  affords  modifications 
which  give  rise  to  the  formaticm  of  eight  terminal  planes  at  each 
summit,  which  may  also  be  themselves  modified. 

Peroxide  of  tin  veiy  frequently  affords  ciystals  curiously  grouped 
together. 

Oxide  of  tin  is  infusible  when  heated  alone  before  the  blow- 
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pbe,  and  is  not  readily  reduced  to  the  metallic  state  witiioot  tbe 
aid  of  fluxes.  It  is  also  insoluble  in  acids;  but  when  heated  on  a 
charcoal  support,  with  the  addition  of  carbonate  of  soda,  readily 
affords  minute  g^bules  of  metal. 

Cornwall  is  one  of  the  most  productive  localities  of  this  mineral, 
where  it  occurs  associated  with  copper  and  iron  pjntes,  wolfnon, 
topaz,  mica,  talc,  and  tourmaline,  together  with  azinite,  and  other 
silicates.  Tin  mines  are  also  worked  in  Saxony,  Austria,  and 
Bofalmia,  Malacca,  Peru,  in  China,  and  especially  the  Island  of 
Banca  in  the  East  Indies,  from  whence  large  quantitaes  are 
annually  im^rted  into  this  country.  This  oxide  also  occurs  in 
Galicia,  Spam ;  at  Dalecarlia  in  Sweden ;  in  the  Departoient  of 
the  Haute  Vienne  in  France ;  in  Greenland,  Russia,  Brazil,  Mezioo, 
Chili,  and  the  United  States  of  America. 

TiH  Pyitmn  EUmh  mdfvard;  Zumldes. — ^This  mineral  has  hitherto 
been  only  Ibund  in  a  crvstaUine  state  in  Hud  Bock  Mine,  in  the 
parish  of  St.  Agnes,  Cornwall;  fi:x>m  whence  cubical  crystals, 
possessing  cleaTages  parallel  to  the  feces  of  the  primitive  form, 
have  occasionally  been  obtained.  Tin  pyrites  is  of  a  yellowish- 
grey  colour,  and  has  a  strong  metallic  lustre :  it  oommcnly  occurs 
in  granular  amorphous  masses,  and  has  a  specific  gravity  of  4*35. 
It  affords  a  black  streak,  and  presents  an  uneven  fracture.  When 
heated  before  the  blowpipe,  sulphide  of  tin  fuses  into  a  black  sla^, 
which  is  extremely  difficult  of  reduction.  It  is  soluble  in  nitnc 
acid,  with  evolution  of  nitrous  add  fumes,  and  affords  on  subsi- 
denoe  an  abundant  white  predpitate  of  peroxide  of  tin.  Two 
analyses  of  this  substance  yielded  the  following  results : — 
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KI^rodL 

Tin    .      . 

.      .    25-55    .      . 

.      .    26-5 

Copper 

.      .    29-39    .      . 

.      .    8(W) 

Iron  . 

.      .    12-44.    .      . 

.      .    12-0 

Sulphur    . 

.      .    29-64i    .      . 

.      .    30-6 

9702  990 

The  composition  of  this  mineral,  as  far  as  concerns  the  state  of 
combination  of  its  elements,  is  still  to  some  extent  uncertain ; 
although  it  would  appear  to  be  a  sulphide  in  which  the  ratio  of 
the  sulphur  to  the  whole  of  the  metds  present  is  as  1  :  1,  and 
may  be  consequently  expressed  by  the  formula  (SnCuFe)S.  This 
mineral  does  not  occur  in  suifident  quantity  to  admit  of  being 
metallurgically  treated,  and  cannot,  therefore,  be  regarded  as  an 
ore  of  tin. 

Mechaiacid  Pgq^rattoa  aT  tia  OfM.  The  tin  ore  of  commeroe 
is  found,  either  in  regular  veins  or  lodes,  or  in  stockwerks,  which 
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reimioiis  of  numerous  smaU  veins  frequently  crossing  each 
other  in  all  directions.  When  the  ore  occurs  in  lodes,  it  is 
extracted  and  brought  to  the  surface  by  the  methods  described 
in  the  cfai^ter  devoted  to  the  explanation  of  these  operations ;  but 
the  siockwerksy  or  minute  metalliferous  veins,  which  frequently 
traverse  granite  and  the  feldspar  porphyry,  <2aHed  in  the  West  of 
Sngiand  elvauy  are  sometimes  removed  by  large  open  workings, 
as  at  Carelaze  Mine,  in  the  neighbourhood  of  St.  Austell,  from 
which  large  quantities  of  tin  are  extracted  by  this  method. 

The  principal  tin  mines  of  the  West  of  England  are  grouped  in 
three  sepazato  districts — namely,  in  the  south-western  part  of 
Cornwall,  beyond  Truro ;  in  the  immediate  neighbourhood  of  the 
town  of  St.  Austell ;  and  in  the  vicinity  of  Tavistock,  in  the 
eounty  of  Devon.  The  ore  extracted  from  mines  is  commonly 
much  disseminated  in  the  gangue  by  whidi  it  is  accompanied, 
and  consequently  requires  to  be  reduced  to  a  very  fine  powder 
before  it  can  be  separated  from  the  earthy  impurities. 

From  the  high  specific  gravity  of  oxide  of  tin,  its  purification 
is,  however,  re^ily  effected,  as,  from  this  circumstance,  it  is  but 
Httle  liable  to  be  carried  off  by  the  washings  to  which  it  is  sub- 
jectedy  and  therefore  admits  of  being  ahnost  completely  separated 
from  the  various  lighter  bodies  with  which  it  is  intermixed.  The 
sulphides  and  arsenides  which  are  found  in  veins  producing  tin 
ore  do  not  admit  of  being  readily  eliminated  by  this  treatment, 
as,  from  tiieir  high  densities,  they  are  liable  to  remain  mixed  with 
the  ore  at  the  dose  of  these  operations.  This  difficulty  is  reme- 
died by  a  gentle  calcination  and  rewashing  of  the  ores,  as  the 
oxide  of  tin  remains  unaffected  when  moderately  heated,  whibt 
the  associated  sulphides  and  arsenides  are  decomposed,  and  their 
gravity  thereby  so  diminished  as  to  admit  of  their  ready 
separation  when  again  exposed  to  the  action  of  a  current  of 
water. 

On  arriving  at  the  surface,  the  ore,  or  work^  is  cleansed  from 
the  adhering  day  and  dirt  by  being  placed  beneath  a  small  stream 
of  water,  by  which  the  lighter  portions  are  carried  off  in  suspension. 
The  ore,  for  this  purpose,  is  sometimes  placed  on  an  iron  grating 
beneath  a  fall  of  water,  and  is  moved  about  with  a  large  nke,  to 
fiiciHtate  the  operation.  The  ore,  after  being  thus  cleansed,  is 
ipaledy  or  broken  with  large  hammers  into  pieces  of  from  two  to 
three  pounds  in  weight;  and  these  are  subsequently  divided, 
aocordmg  to  their  richness,  into  three  distinct  dasses. 

The  &8t,  which  is  composed  of 'the  richest  and  purest  frag- 
ments, is  called  best  w&rhy  and  is  reserved  for  a  separate  mechanical 
preparation.  The  second  class  indudes  those  portions  which, 
although  less  rich,  and  contaminated  with  a  larger  amount  of 
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imparities,  may,  notwithstanding,  be  treated  with  advantage.  The 
third  division  consists  of  the  entirely  sterile  pieces,  which  are 
chiefly  composed  of  stony  gangue,  and  of 'iron  and  arsenical 
pyrites.  When  lodes  at  the  same  time  yield  ores  of  botii  copper 
and  tin,  they  are  as  far  as  practicable  separated  dining  the  wit- 
ing  above  described,  and  thus  give  rise  to  the  formation  of  one 
or  more  additional  classes. 

The  ore  is  now  stamped,  or  reduced  to  a  more  or  less  minutdj 
divided  powder,  under  a  series  of  heavv  iron  pestles,  moved  either 
by  steam  or  hydraulic  power.  The  size  of  ihe  fragments  of  sand 
produced  is  regulated  by  the  dimensions  of  the  holes  pierced  in 
pieces  of  thin  sheet  iron  inserted  in  front  of  the  stamp  cistern, 
and  through  which  the  pulverised  mineral  from  the  mill  is  earned 
by  a  strong  current  of  water  admitted  into  the  stamps  case  fat 
that  purpose.  The  bottoms  of  the  troughs  are  formed  of  siliceous 
rocks,  finnly  beaten  into  the  earth  by  the  action  of  the  pestles; 
and  the  ore,  on  issuing  from  the  stamps,  is  carried  into  a  seri^  of 
basins,  in  the  first  of  which  the  richer  and  coarser  fitigments  are 
deposited,  whihrt  the  poorer  and  more  finely  divided  portions  are 
collected  in  other  reservoirs. 

The  rougher  particles  are  washed  and  concentrated  in  buddies 
and  tossing  tubsy  and  the  sHme,  or  more  finely  powdered  sand,  in 
trunks,  and  on  the  rack. 

When  the  ores  have  by  these  means  become  sufficiently  con- 
centrated, they  are  removed  to  the  burning-house,  where  the 
sulphides  and  arsenides  are  decomposed  by  bemg  roasted  in  pro- 
perly constructed  reverberatory  frimaces.  These  are  from  12  to 
15  feet  in  length,  and  from  7  to  9  in  width.  The  hearth  is  hori- 
zontal; and  the  arch,  wfiich  is  about  2  feet  in  hdght  in  the 
neighbourhood  of  the  fire-bridge,  sinks  gradually  towards  the 
chimney.  This  arrangement  is  provided  with  but  one  opening, 
closed  by  an  iron  door  placed  at  the  extremity  of  the  sole  farthest 
removed  from  the  grate,  and  immediately  under  a  brick  hood,  by 
which  the  sulphurous  and  arsenical  frunes  are  directly  carried 
off  into  the  chimney,  without  any  annoyance  or  injury  to  the 
workmen. 

In  connection  with  the  flues  of  these  frimaces  are  large  con- 
densing chambers,  in  which  the  arsenious  add  is  deposited  in  a 
crystalHne  form.  This  is  subsequently  purified  by  a  second 
sublimation,  in  order  to  convert  it  into  the  white  arsenic  of 
commerce. 

From  six  to  ten  cwts.  of  or^  constitute  a  charge  for  one  of  these 
furnaces,  and  this  requires  fr^m  twelve  to  eighteen  hours,acoord]ng 
to  the  amount  of  pyrites  present,  before  it  is  sufficiently  roasted. 
The  charging  of  the  fruiiace  is  effected  by  a  small  iron  hoppar 
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placed  in  the  centre  of  the  brick  dome ;  and  as  soon  as  the  proper 
quanidiy  of  ore  has  been  introduced,  it  is  regularly  spread  over  the 
sni&ce  of  the  sole,  and  the  working  door  immediately  closed.  At 
the  commencement  of  the  operation  the  heat  is  very  gradually 
laised  until  it  reaches  duU  redness,  at  which  temperature  it  is 
afterwards  k^t  during  several  successive  hours.  At  proper  in- 
tervals during  the  process  of  calcination,  the  door  is  opened,  and 
tibke  mineral  mioved  about  with  an  iron  rake,  so  as  to  expose  a  new 
sorfiice  to  the  action  of  the  heated  air  passing  through  the  furnace. 
When  much  pyrites  is  present  in  the  ore,  great  care  is  required  at 
the  commencement  of  the  operation  to  so  moderate  the  tempera- 
tare  as  to  prevent  its  aggregation  into  large  masses. 

When  the  ore  has  been  sufficiently  roa^d,  which  is  indicated 
hj  its  ceasing  to  exhale  white  fumes,  an  iron  plate  fitted  into  the 
floor  of  the  furnace  is  removed,  and  the  charge,  whilst  stiU  red 
hot,  is  raked  through  the  aperture,  and  falls  into  an  arched  cham- 
ber placed  beneath,  where  it  is  allowed  to  cool.    The  calcined 
ore  is  now  again  subjected  to  the  process  of  washing ;  and  the 
impurities,  which  have  been  mostly  decomposed  and  transformed 
into  peroxide  of  iron,  are,  from  their  rednced  specific  gravity, 
readily  removed.    When  the  original  ore  is  much  contaminated 
by  copper  pyrites,  it  is,  alter  being  carefully  roasted,  often  allowed 
to  remain  for  some  time  exposed  to  the  atmosphere  previous  to 
being  again  washed,  as  the  sulphides  present  are  by  that  means 
partially  oxidised  and  converted  into  sulphates,  which,  being 
soluble  in  water,  are  readily  removed.     If  tin  ores  contain  much 
copper,  it  is  usual  to  place  them,  after  their  removal  from  the 
burning-house,  in  a  vessel  containing  dilute  sulphuric  add,  by 
which  the  copper  is  readily  dissolved,  whilst  the  oxide  of  tin 
remains  unaffected.   After  this  treatment  with  sulphuric  acid,  the 
ore  is  washed  in  pure  water,  and,  under  the  name  of  black  Un,  is 
ready  to  be  transferred  to  the  smelter.    In  some  of  the  Cornish 
mines  the  tin  ore  is  associated  with  wolfr'am  (a  double  tungstate 
of  iron  and  manganese),  which,  from  its  great  specific  gravity, 
cannot  by  any  mechanical  means  be  separated  from  the  oxide  of 
tin.    The  presence  of  this  mineral  is  therefore  extremely  prgudi- 
dal,  as  it  exerts  an  unfiivourable  influence  on  the  quality^  of  the 
metal  produced.    Until  recentiy,  no  convenient  method  for  the 
separation  of  these  bodies  had  been  employed ;  but  by  the  pro- 
cess lately  patented  by  Mr.  Oxland,  this  is  readily  and  completely 
effected.     For  this  purpose,  the  mixture  of  tin  ore  and  wolfram 
is,  with  a  littie  carbonate  of  soda,  heated  to  redness  in  a  rever- 
beratoiy  fiimace,  when  tungstate  of  soda  is  formed,  and  the 
oxides  of  iron  and  manganese  are  liberated.     The  tungstate  of 
loda,  which  is  a  soluble  salt,  is  readily  removed  by  water,  and. 
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after  cryfltallisation,  maj  be  employed  by  calico  piinten  as  a 
mordant.  The  oxide  of  iron,  and  other  imporitiea,  are  subae- 
atlj  sepaiat^d  from  the  lixiviated  ores  bjr  washing,  as  abore 


When  tin  ore  is  found  in  alluvial  deposits,  as  in  the  YaUey  of 
Pentewan,  and  other  localities  in  Cornwall  and  ekewhere,  it  is 
extracted  by  a  series  of  open  workings  called  stream-works. 

The  stamufefoos  deposits  in  these  situations  occur  in  the  fona 
of  regular  beds  or  floors,  in  which  the  oxide  of  tin  is  associated 
with  coarse  sand  and  numerous  pebbles,  which  have  appaieatlj 
been  rounded  by  the  action  of  water.  These,  together  with  the 
associated  sands,  are  washed  under  a  current  of  water  in  a  laige 
wooden  box  called  a  griddley  and  the  metallic  fragments  clssseol 
in  accordance  with  the  amount  of  metal  which  they  respectively 
contain. 

The  different  classes, — except  the  first,  priUSf  which  aie  tuffi- 
ciently  rich  to  be  at  once  treated  for  the  metal  they  contain,— are 
stamped  and  concentrated  by  the  usual  routine  of  washing. 

Stream  tin  is  always  much  purer,  and  consequentiy  more 
valuable,  than  that  obtained  directlv  from  mines,  as,  by  long 
exposure  to  air  and  moisture,  the  pyntes  with  which  it  was  origi- 
nally mixed  has  become  oxidised  and  carried  off  in  solution. 
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This  metal,  although  it  is  sometimes  precipitated  in  Hie  form  of 
sulphide,  is  invariably  estimated  in  the  state  of  stannic  add.  The 
sulphide  is  transformed  into  peroxide  by  being  roasted  in  a  small 
porcelain  crucible  until  the  whole  of  the  sulphur  has  been  expelled : 
a  few  drops  of  nitric  acid  are  then  added,  and  the  crucible  and  its 
contents  again  heated  to  redness.'  Tin  is  readily  separated  from 
the  earths,  as  also  from  zinc  iron,  cobalt  and  nickel,  by  sulphu- 
retted hydrogen.  For  this  purpose  the  solution  should  be  so 
made  in  hydrochloric  acid  as  to  form  a  protochloride,  through 
which  the  sulphuretted  hydrogen  gas  is  passed  in  large  excess. 
When  the  liquor  contains  in  solution  a  sufficient  amount  of  hydro- 
chloric acid,  the  beaker  in  which  it  is  contained  is  covered  with  a 
glass  plate  and  allowed  to  remain  in  a  warm  place  until  the  whole 
of  the  sulphide  has  been  deposited.  This  is  now  s^arated  by 
filtration,  and  converted  into  peroxide  of  tin  by  exposure  to  heat 
and  the  addition  of  a  few  drops  of  nitric  add.  TVnen  copper  ia 
also  present,  which  is  frequently  the  case  in  tin  ores,  these  two 

1  Stannic  acid  contains  78'61  per  cent,  of  metallic  tin. 
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metak  will  be  precipitated  together  hj  the  solphuretted  hydrogen ; 
and  to  effect  their  separation,  the  mixed  sulphides  must  after 
ealcination  be  treated  by  nitrio  acid,  which  transforms  the  tin 
into  the  insoluble  peroxide,  whilst  the  copper  is  converted  inTK>  a 
soluble  nitrate.  After  fUtration  from  the  insoluble  stannic  acid, 
the  copper  may  be  precipitated  and  estimated  according  to  the 
method  described  when  lareating  of  that  metal. 

The  analysis  of  tin  ores,  and  particularly  the  separation  of  that 
metal  firom  silica,  is  best  effected  by  the  following  method,  for 
which  we  are  indebted  to  Professor  L.  E.  Bivot,  of  the  Ecole  des 
IGnes.    The  mixture  of  tin  ore  and  its  siliceous  gangue  is  first 
finely  pulverised,  and  afterwards  heated  to  redness,  in  order  to 
expcd  any  hygroscopic  water  which  may  be  present.    It  is  then, 
after  being  weighed,  placed  in  a  small  porcelain  ia^ugh,  and  in- 
troduced into  a  tube,  either  of  porcelam  or  hard  German  glass, 
heated  by  a  gas  flame  or  a  charcoal  fire.    A  current  of  diy  hydro- 
gen gas,  furnished  by  an  apparatus  applied  to  one  of  its  exl^mi- 
ties,  is  now  made  to  slowly  traverse  the  tube,  care  being  at  the 
same  time  taken  to  avoid  any  loss  of  the  matter  operated  on 
by  the  mechanical  action  of  the  gaseous  current.    When  the 
apparatus  has  been  thus  arranged,  the  tube  is  heated  to  duU 
redness,  and  the  reduction  of  ti^e  oxide  of  tin  takes  place  very 
rapidly.     After  having  allowed  the  mixture  to  cool  down  to  the 
temperature  of  the  surrounding  air  in  an  atmosphere  of  hydrogen 
gas,  the  trough  and  its  contend  are  removed  firom  the  tube,  when 
the  ore,  unless  it  has  been  too  highly  heated,  will  be  found  in 
the  form  of  a  grey  powder,  without  any  admixture  of  metallic 
globules.     If  the  mixture  operated  on  consists  entirely  of  tin  and 
BiHca,  it  may  now  be  again  weighed ;  and  from  the  loss  expe- 
rienced, whidi  corresponds  to  the  amount  of  oxygen  combined 
with  the  tin,  may  be  deduced  with  tolerable  accuracy  the  weight 
of  that  metal  present.    As^  however,  any  error  of  weight  in  the 
oxygen  would  be  considerably  multiplied  with  regard  to  the  metal 
with  which  it  was  combined,  the  metaUic  tin  may  be  dissolved  in 
aqua  regia  contuning  a  large  excess  of  hydrochloric  acid,  and  the 
rttidiial  silica  collected  on  a  filter,  dried,  and  again  weighed,  when 
the  loss  will  represent  the  amount  of  oxide  of  tin  originally  pre- 
sent ;  and  from  this  may  be  readily  calculated  the  per-centage  of 
the  metal  itself. 

When  other  substances,  such  as  iron  and  copper,  are  present  in 
the  ore,  the  weight  of  the  tin  camiot  be  determined  either  by  the 
amount  of  oxygen  abstracted,  or  by  that  of  the  residual  silica. 
Although  the  weight  of  the  sihceous  gangue  can  be  thus  ascer- 
tained, the  tin  must  be  separated  from  the  other  metals  in  the 
solution,  and  estimated  as  peroxide  by  the  usual  methods  of 
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analyBiB.  One  great  adyaotage  of  this  method  conakta  in  He 
affording  a  ready  means  of  separating  oxide  of  tin  from  its  aH- 
oeous  gangne,  which,  hj  the  nsual  pzooenea,  is  an  eztremelj 
difficult  and  complicated  operation. 

▲fiSAT  OF  TUT  OBEB. 

Oxide  of  tin,  although  completely  reduced  by  charooal  at  a 
white  heat,  has  sudoi  a  strong  affinity  for  silica  that  the  highest 
temperature  which  can  be  obtained  nrom  a  wind  fomaoe  is  neoes- 
sary  for  their  separation.  For  this  reason  all  tin  assays  should 
be  made  in  lined  cruciUes,  and  at  the  temjpersture  employed  for 
those  of  the  ores  of  iron.  If  a  tin  ore,  with  the  additi<m  of  a 
proper  quantity  of  some  reducing  flax,  were  subjected  to  the 
degree  of  heat  empbyed  in  an  ordinary  assay  of  i)Oipper  ore,  a 
portion  only  of  the  metal  would  be  obtained,  and  a  large  quantity 
of  unreduced  oxide  would,  in  combination  with  silica,  be  letaiBed 
in  the  slags.  If  the  proportion  of  silica  be  large  in  oomparison 
with  that  of  the  oxide  of  tin,  but  little  metal,  if  any,  will  be 
obtained ;  although  the  ore,  when  judiciously  troatod,  may,  in 
the  large  way,  l^  capable  of  being  worked  with  oonsidorahle 
advantage. 

Before  proceeding  to  the  assay  of  a  tin  ore,  it  is  neoessaary  to 
free  it,  as  tar  as  possible,  from  the  siHoeous  gangue  with  whidi  it 
is  associated ;  and  this  is  efEected  by  a  somewhat  similar  treatmoit 
to  that  by  which  its  purification  and  concentration  are  conducted 
on  the  larffe  scale.  With  this  Tiew,  the  pulTenaed  mznersl  is 
roasted  with  a  small  quantity  of  powdered  charcoal,  and  after- 
wards washed  in  an  evaporating  basin,  or  some  otiier  oonTenient 
vessel,  until  all  tiie  lighter  substances  with  which  it  was  associated 
have  been  removed.  In  the  Cornish  tin  mines  a  large  sharp* 
pointed  shovel  is  employed  for  this  purpose;  and,  iSter  each 
successive  washing,  the  heavier  portions  remaining  in  the  shovd 
are  still  frffther  reduced  in  size  by  the  use  of  a  large  hammer,  of 
which  the  faces  are  slightly  rounded  and  well  pdished.  The 
object  of  the  roasting  in  these  manipulations  is  to  deeompoae  the 
pyrites,  and  oth^  arsenical  substances  present,  and  which,  from 
their  greatiy  reduced  specific  gravity,  are  then  readily  removed  in 
suspension  by  the  water  by  which  the  washing  is  effiacted.  in 
some  metaJlurgic  laboratories,  and  particularly  in  tiiat  of  the 
Ecole  des  Mines  at  Paris,  a  kind  of  small  hand  shaking^'table, 
called  an  {xuffeUe,  is  employed  for  this  purpose ;  but  equally  satb- 
f actory  results  may  be  obtained  by  the  skilful  use  of  a  small  hom 
spoon  or  ordinary  porcelain  evaporating  basin.  Instead  of  resorts 
ing  to  these  mecluuiical  contrivances,  tiie  removal  of  the  solphids 
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of  iron  and  arsenical  pyrites  may  be  mnch  more  thoroughly  and 
erpeditionsly  obtained  by  boiling  the  pulverised  ore  for  a  short 
time  with  a  slight  excess  of  nitro-hydrochloric  add,  by  which 
these  substances  are  readily  aud  completely  dissolved,  whilst  the 
native  peroxide  of  tin  remains  unattacked.  When  all  chemical 
action  on  the  ore  has  ceased,  water  is  added,  and  the  residue 
thrown  on  a  filter,  where  it  is  carefully  washed.  Afber  having 
been  allowed  to  diy,  the  residue  is  next  removed  horn  the  filter, 
and  calcined  in  an  open  crucible  with  a  wide  mouth,  for  the  pur« 
po0e  of  removing  any  small  quantities  of  sulphur  which  may 
result  from  the  decomposition  of  the  pyrites  originally  present 
in  the  mineral.  The  ore,  after  being  thus  prepared,  either  by 
washing  only,  or  by  washing  aided  by  an  attack,  is  reduced  in  a 
lined  cmcible,  and  at  the  same  temperature  as  that  at  which  iron 
assays  are  conducted.  The  nature  and  proportions  of  the  fluxes 
employed  will  necessarily  depend  on  the  amount  and  composition 
of  the  gangue  with  which  the  ore  is  associated ;  but,  as  this  is  in 
most  instances  highly  siliceous,  carbonate  of  soda  and  fused  borax 
may  be  always  employed  with  advantage.  For  ores  of  moderate 
parity,  from  80  to  4iO  per  cent,  of  a  mixture  of  equal  parts  of 
borax  and  carbonate  of  soda  will  be  found  to  answer  extremely 
weQ ;  and  equa%  good  results  are  obtained  by  the  addition  of  40 
per  eesnt.  of  a  flax  composed  of  three  parts  of  carbonate  of  soda 
and  one  part  of  finely  powdered  lime. 

FofT  the  estimation  of  this  metal  when  occurring  in  extremely 
poor  ores,  and  particularly  in  the  slags  obtained  from  furnaces 
in  which  its  metallurgic  treatm^it  is  conducted,  the  method  of 
M.  Bivot  is  eminently  adapted,  and  is  perhaps  the  only  process 
by  which  the  exact  amount  of  thi  existing  in  the  poorer  slags  can 
be  readily  ascertained. 


HXTAI<Lini0T  OT  TOT. 

The  metaUurg^c  treatment  of  tin  ores  is  conducted  by  two 
diffisrent  method.  By  the  first  the  reduction  is  effected  in  a 
reverberatory  furnace  fired  with  common  pit  coal,  and  in  which 
the  ores  operated  on  are  mixed  with  a  proper  amount  of  powdered 
anthracite  or  other  carbonaceous  matter.  By  the  second  process 
the  oxide  of  tin  is  reduced  in  a  small  blast  furnace,  foumeau  d 
manehe,  which  is  supplied  with  a  current  of  air,  either  by  bellows 
or  blowing  cyHnders,  and  in  which  wood-charcoal  is  the  only  fuel 
employed.  This  method  is  merely  applied  to  stream  tin,  and  in 
liiose  cases  only  in  which  extremely  pure  metal  is  required.  The 
establishments  in  which  the  reverberatory  fiu*nace8  are  employed 
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are  called  smelting-houses,  and  those  in  which  the  latter  process 
is  used  are  known  by  the  name  of  blowing-houses. 

TEN'-SMELTIKO  IS  THE  BEVEBBERATOBT  FUBKACB. 

The  metallurgie  treatment  of  this  metal  in  the  reverberatoiy 
furnace  includes  two  distinct  operations — tmeUmg  and  r^mg. 
The  furnace  in  which  the  first  of  these  processes  is  conducted  ii 
rqnpptented  by  the  following  woodcuts,  of  which  fig.  158  is  2 
vertical  section,  and  fig.  159  a  ground  plan,  a,  is  the  fire-door 
by  which  coal  is  supplied  to  the  grate,  6 ;  c,  is  the  door  by  which 
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the  ore  is  introduced  on  the  hearth,  d;  d\h  the  working  door 
farthest  remoyed  from  the  grate ;  e,  is  a  hole  sometimes  lefb  in 
the  crown  of  the  vaulted  roof  for  the  purpose  of  introducing  a 
current  of  air  so  as  to  cany  the  fiimes  into  the  chimney  durmg 
the  skimming  of  the  slags  from  the  metaUic  hath ;  o,  is  an  air 
channel  for  admitting  cold  air  heneath  the  hearth  and  through 
the  fire-hridge,  in  order  to  prevent  their  hecoming  too  highly 
heated  during  the  prepress  of  the  operation ;  ^,  is  an  extmial 
basin  into  which  the  melted  metal  is  drawn  off;  A,  is  the  flue, 
and  ty  the  chimney,  which  should  he  from  forty  to  fifby  feet  in 
height.  The  roasted  and  washed  ore  is  mixed,  previous  to  its  intro- 
duction into  the  furnace,  with  pulverised  anthracite,  and  a  small 
quantity  either  of  slaked  lime  or  fluor  spar,  which  serves  as  a  flux  for 
the  siliceous  impurities  present.  Each  charge  consists  of  from  20 
to  25  cwts.  of  ore,  contfuning  fr^m  60  to  65  per  cent,  of  metal. 

FirH  OpenxUan. — ^Before  the  introduction  of  the  ore  into  the 
furnace,  it  is  caiefrdly  mixed  with  ahout  l-8th  of  its  weight  of 
pulverised  coal  or  anthracite,  and  a  Httle  slaked  lime,  or  fluor  spar, 
is  added  to  &ciHtate  the  frision  of  the  siHceous  gan^ue.  The 
mixture  is  also  slightly  sprinkled  with  water,  for  me  douhle 
purpose  of  rendering  it  more  easy  to  charge,  and  likewise  to 
prevent  any  portion  from  heing  carried  off  mechanically  hy  the 
draught  into  the  flues.  The  charge  varies  with  the  dimensions 
of  the  furnace,  within  the  limits  already  mentioned,  and  the  heat 
is  gradually  raised.  During  the  flrst  six  or  eight  hours  the  doors 
are  all  kept  closely  shut,  and  the  contents  of  the  furnace  are  con- 
sequently not  stiired.  At  the  expiration  of  this  time  the  reduc- 
tion of  the  oxide  is  complete,  and  the  door,  d%  at  the  extremity 
of  the  longer  axis  of  the  furnace,  is  removed,  and  the  melted  mass 
worked  up  with  a  long  iron  paddle,  in  order  to  separate  the  metal 
from  the  slags,  and  to  ascertain  how  &r  the  reduction  has  hecome 
advanced. 

When  tliis  is  judged  to  he  complete,  the  scorise  are  carefrdly 
withdrawn  from  ike  surface  of  the  metaUic  hath  hy  an  iron  rake, 
and  removed  hy  the  door,  d\  to  the  floor  of  the  building,  where 
they  are  subsequently  divided  into  three  classes.  The  shiffs  of 
the  first  class,  a,  which  constitute  about  three-fourths  of  the 
whole  weight  produced,  are  as  free  from  metal  as  it  is  possible  to 
make  them,  and  are  consequently  rejected  as  being  of  no  further 
use.  Those  of  the  second  class,  b,  are  mechanically  mixed  with 
about  five  per  cent,  of  tin,  in  the  form  of  small  metallic  globules, 
which  are  afterwards  extracted  by  crushing  the  scorisB  under  a 
stamping  mill,  and  separating  by  washing  the  metallic  granules 
from  the  semi-vitreous  matter  with  which  it  was  associated.  The 
slags  constituting  the  third  division,  c,  are  much  smaller  in  quan- 
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iity  than  either  of  the  two  former  dasses,  and  consist  of  those 
aooris  which  are  last  remoTed  hj  the  rake  firom  the  sar&oe  of  ihe' 
metal  previoua  to  tapping  into  the  exterior  hasin.  Thia  ia 
extremely  rich  in  metaUic  fflobtdes,  and  likewiae  contains  aome 
combinea  stannic  add :  it  is  set  aside  to  be  remelted  with  the 
succeeding  charge. 

When  the  slags  have  all  been  withdrawn,  and  the  metal  alone 
remains  in  the  furnace,  the  channel  anmnmiicalang  with  the 
external  basin,  g,  is  opened  by  removing  the  day  stepper  with  a 
pointed  iron  bar,  and  the  tin  immediately  flows  fix>m  the  hearth 
mto  the  outer  basin,  where  it  is  allowed  to  remain  a  short  time, 
in  order  that  any  portions  of  scoria  still  adhering  to  the  tin  may, 
from  its  less  density,  come  to  the  sur&oe  and  be  skimmed  off. 
When  the  tin  has  suffidently  settled  it  is  laded  into  proper  moulds, 
where  it  assumes  the  form  of  rectangular  blodcs. 

The  metal  thus  obtained  is  so  much  contaminated  by  other 
metals  as  to  be  rendered  quite  unfit  for  many  purposes  for  which 
ordinary  tin  is  employed.  To  get  rid  of  these  fordgn  matters, 
chiefly  consisting  of  iron,  arsenic,  copper,  and  tungsten,  together 
with  some  unreduced  oxide  of  tin,  the  crude  me&  is  now  sub- 
jected to  a  process  of  refining. 

Second  OperaJthn. — ^The  refining  of  tin  comprises  two  distinct 
operations,  the  first  of  which  is  a  liquation  conducted  in  a 
reverberatory  furnace  similar  to  that  in  which  the  reduction  of 
the  ore  is  ^ected ;  while  the  second,  which  may  be  called  the 
refining  proper,  is  characterised  b^  the  metal  being  caused  to  boil 
with  great  rapidity  in  an  iron  basm,  by  the  introduction  of  billetg 
of  green  wood. 

For  the  liquation,  or  first  stage  of  the  process,  the  blodn  of 
impure  tin  are  arranged  in  the  fiimace  so  as  to  form  a  hollow  heap 
in  the  neighbourhood  of  the  fire-bridge,  where  they  are  gradually 
heated  to  the  point  of  fusion.  The  tin  now  melts,  and  flows  off 
the  sole  into  tuie  outer  basin ;  but,  after  a  time,  the  blocks  cease 
to  afford  any  more  tin,  and  a  residue  consisting  of  a  highly  ferm- 
ginous  dross  remains  on  the  hearth.  Other  blocks  are  now 
charged  into  the  fiimaoe,  and  the  operation  is  continued  until 
about  five  tons  of  metal  have  been  collected  in  the  basin.  The 
ferruginous  residue  is  afterwards  removed,  and  set  aside  to  be 
subs^uently  treated  in  connection  with  the  stamped  and  washed 
scoria,  6,  of  the  smelting  furnace,  and  the  smaller  amount  of  rich 
slags,  c,  which  have  been  removed  immediatdy  from,  the  surface  of 
the  bath  before  tapping  the  metal  of  the  first  fusion  into  the 
exterior  basin  of  reception.  The  refining  proper  now  begins. 
Billets  of  green  wood  are  lowered  by  an  iron  ffibbet  into  the  bath 
of  hquid  metal,  which,  firom  the  rapid  evolution  of  gas  thus  pro- 
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dnced,  is  kept  in  a  constant  state  of  violent  ebullition.  This 
brings  to  the  surface  a  kind  of  £poth  chiefly  composed  of  oxide  of 
tin  and  other  oxides,  and  causes  the  more  impure  and  denser  por- 
tions to  fieill  to  the  bottom  of  the  basin.  This  £poth  is  removed  by 
snccessiTe  skimmings,  and  again  thrown  back  into  the  furnace ; 
and  when  the  operation  is  thought  to  be  sufficiently  advanced,  the 
greea  wood  is  withdrawn,  and  the  contents  of  the  basin  allowed 
to  settle.  The  metal  now  arranges  itself  into  three  distinct 
strata,  of  which  the  upper  is  the  most  pure ;  that  in  the  middle 
18  contaminated  with  small  quantities  of  other  metals ;  while  the 
portions  which  sink  to  the  bottom  of  the  vessel  are  still  more 
impure.  When  sufficient  time  has  been  allowed  for  this  arrange* 
ment  fully  to  estabhsh  itself,  the  different  zones  are  successively 
laded  out  into  iron  moulds.  The  blocks  first  obtained  are  evi- 
dently the  most  free  from  impurities,  and  those  taken  from  the 
bottom  of  the  pot  are  so  mixed  wil^  other  metals  as  usually 
to  require  to  be  a  second  time  heated  in  the  reverberatoxy  furnace 
in  which  the  reduction  of  the  ore  is  effected. 

The  operation  of  refining  occupies  about  five  hours ;  of  whicb 
one  is  required  to  fill  the  basin,  three  for  boiling  the  metal  with 
green  wood,  and  one  for  the  subsidence  of  the  bath  and  the  cast- 
ing into  blocks. 

Instead  of  causing  an  ebullition  of  the  metal  by  the  introduc- 
tioa  of  billets  of  green  wood,  the  same  effect  is  sometimes  pro- 
duced l^  an  operation  called  tossing.  When  this  process  is 
employed,  the  agitation  is  caused  by  the  workmen  continually 
lifting  in  a  ladle  portions  of  melted  metal  which  they  let  Ml 
from  a  considerable  height  into  the  refining  pot.  The  scum  thus 
brought  to  the  sur&ce  is  carefully  removed  by  skimming,  and 
the  metal  afterwards  allowed  sufficient  time  to  arrange  itself  in 
accordance  with  its  purity  and  density. 

Tin  is  usually  cast  into  blocks  weighing  each  about  8  cwts. 
The  moulds  in  which  these  blocks  are  cast  were  formerly  made  of 
granite,  but  cast  iron  is  now  generally  employed.  The  metal  so 
moulded  receives  the  name  of  block  tm.  The  purer  varieties  are 
called  refined  tin,  and  are  chiefly  employed  in  tiie  manufacture  of 
tin-plate. 

'Hie  treatment  of  tin  ores  gives  rise  to  two  distinct  kinds  of  stan- 
niferous residues,  which  require  to  be  again  reduced.  The  first  of 
these  consists  of  the  slags  h  and  e  of  the  first  operation ;  and 
the  second,  of  the  ferruginous  dross  found  at  the  bottom  of  the 
furnace  after  the  liquation  of  the  crude  tin  previous  to  refining. 

The  slag,  &,  is  stamped  in  a  mill  and  wasned,  in  order  to  effect 
the  separation  of  the  metallic  globules  which  it  contains.  These 
are  added  to  the  sconse,  c,  in  the  state  in  which  it  is  withdrawn 


406  Tix. 

from  the  fiinmoe ;  and,  on  being  aeain  smelted,  gives  rise  to  the 
production  of  a  certain  amount  of  tin  of  inferior  qualify.  The 
dro68  which  remains  on  the  sole  of  the  furnace  at  the  termination 
of  the  process  of  liquation  is  made  to  melt  bj  the  application 
of  an  increased  temperature,  and  run  off  into  a  small  hadn 
totally  distinct  from  the  refining  basin  before  described.  After  it 
has  here  been  allowed  to  subside  for  a  short  time,  the  upper 
portions  are  laded  into  blocks  as  impure  tin,  which  requires  a 
second  refining ;  whilst  a  white  brittle  alloy,  with  a  ciystalline 
fracture,  adheres  to  the  bottom  and  sides  of  the  vesseL  *  This  is 
so  contaminated  with  tungsten  and  other  metals  as  to  be  of  littb 
value.  By  this  method  rather  more  than  30  cwts.  of  coals  are 
required  for  every  ton  of  metallic  tin  produced. 


BWSLTtsa  Tnr  obss  by  the  blast  twkacs. 

These  furnaces,  which  are  not  at  present  used  in  this  country^ 
were  6  feet  in  height  from  the  bottom  of  the  concave  hearth  to  the 
throat,  by  which  the  ore  and  fiiel  were  inserted.  The  tunnel-hole 
was  placed  at  the  origin  of  a  flue,  by  which  the  metallic  dust  and 
fumes  carried  away  by  the  blast  were  conducted  into  a  chamber  at 
the  base  of  a  high  and  narrow  chimney,  through  which  the  smoke 
and  gases  generated  escaped  into  the  air.  This  chalnber  was  not 
usually  placed  over  the  mouth  of  the  furnace,  but  built  behind  it  in 
such  a  way  that  the  flue  above  the  tunnel-hole  might  have  a  slightly 
inclined  curection.  The  brick- woik  of  the  furnace  was  lined  with 
an  iron  cylinder,  which  was  itself  internally  cased  with  a  coating 
of  refractory  clay,  and  had  an  opening  in  the  side  opposite  the 
chaiginff-hole  through  which  were  inserted  two  nozzles  supplied 
by  a  cylinder  blowing-machine  set  in  motion  by  a  water-wheel. 
The  tuyeres  were  inserted  at  but  a  short  distance  from  the  sole 
of  the  furnace,  which  was  gradually  sloped  down  to  a  basin  of 
reception  of  a  circular  form,  and  of  which  one  part  of  the  circum- 
ference entered  beneath  the  sole  of  the  cupola,  whilst  the  other 
extended  beyond  it.  At  a  short  distance  from  this  end,  and  at  a 
lower  level,  was  placed  a  second  basin  larger  than  the  first,  and 
from  which  the  fluid  metal  might  be  conducted  by  a  sloping  gutter. 
Near  this  basin,  and  at  a  still  lower  level,  was  formed  a  third 
reservoir,  in  which  was  conducted  the  process  of  refining.  The 
only  fuel  employed  was  charcoal,  of  which  about  1^  piurts  were 
required  for  the  treatment  of  1  part  of  washed  ore.  In  smelting 
by  this  frimace  it  was  necessary  to  keep  it  constantly  filled  with  a 
proper  admixture  of  ore  and  charcoal;  and  the  reduced  metal, 
which  was  received  in  the  first  basin,  was  subsequently  run  off  into 
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the  second,  in  which  it  was  allowed  to  stand  for  some  time ;  it 
then  became  divided  by  repose  into  layers  of  different  decrees  of 
purity.  The  scorisB  formed  on  the  surface  of  the  first  basm  were 
removed  when  suflSciently  hardened,  and  then  divided  into  two 
classes  for  subsequent  treatment.  Those  containing  metallic 
^obules  were  stamped  and  washed ;  whilst  those  which  retained 
tin  in  the  state  of  combined  oxide  were  simply  broken  with  a  heavy 
hammer,  and  subjected  to  a  careful  handpicking.  The  tin  forming 
the  upper  zones  of  the  second  basin  was  considered  sufficiently  pure 
for  the  purpose  of  refining,  and  therefore  laded  into  the  third 
receptacle,  where  it  was  ^t  subjected  to  ebullition  b^  the  in- 
troduction of  blocks  of  green  wood,  and  subsequently  dipped  out 
into  moulds.  The  metal,  which  sunk  to  the  lx)ttom  of  the  re- 
ceiving basin,  was  also  laded  out  to  be  a  second  time  passed  through 
the  furnace ;  and,  when  very  impure  metal  was  obtained  by  the 
first  operation,  the  entire  charge  was  sometimes  so  treated. 

The  refining  pot  was  usually  made  of  cast  iron,  and  kept  warm 
by  a  small  fire  placed  beneath  it. 

At  the  mines  of  Erzgebirge  in 
Saxony,  a  blast  furnace  of  about 
ten  feet  in  height  (figs.  160  and 
161)  is  employed.  The  sides 
of  the  trunk,  a,  are  formed  of 
large  pieces  of  granite ;  and  the 
sole  consists  of  a  block  of  the 
same  material  hewn  into  the 
proper  shape,  and  having  a  con- 
siderable fall  towards  the  breast 
of  the  furnace.  The  fused  mat- 
ters escaping  from  this  cavity 
flow  continually  into  the  ex- 
terior basin  of  reception,  b, 
hollowed  out  of  a  mass  ot 
granite,  and  lined  with  a  mix- 
ture of  clay  and  powdered  char- 
coaL  This  basin  is  furnished 
with  a  tapping-hole,  by  which 
its  contents  may  be  readily 
withdrawn  into  the  small  iron 
vessel,  c.  The  charcoal  and 
mineral  are  introduced  by  suc- 
cessive charges,  and  the  com- 
bustion is  accelerated  by  a 
blowing  machine,  of  which  the 
nozzle  is   introduced   by  the 
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aperture,  o.  The  slAgs  produced  float  on  the  surface  of  &e 
metal  collected  in  the  basin,  b,  from  which  they  are  removed  bj  an 
iron  crook  as  soon  as  they  have  become  suffidentlj  consolidated* 
When  the  reservoir,  fr,  has  in  this  way  become  filled  with  metal, 
ih»  tappinff-hole  is  opened,  and  its  contents  are  rmi  into  the 
vessel,  e,  where  the  process  of  refining  is  conducted  bj  a  vigorous 
ebullition  induced  by  the  use  of  a  la^  pole  of  green  wood,  and 
the  subsequent  subsidence  of  the  strata  possessing  different  de- 
grees of  purity.  The  slags  are  divided  into  two  daases :  the 
richer  are  without  any  mechanical  preparation  fused  wi&  the 
succeeding  charges  of  ore :  and  the  poorer  portions,  after  being 
stamped,  are  washed,  for  the  purpose  of  s^arating  the  metallic 
granules  which  they  invariably  contain.  The  pr^ucts  of  ocmi- 
bustion  are  carried  off  by  the  chimney,  H. 

In  working  with  the  reverberatory  furnace  1^  tons  of  coals  are 
consumed  for  every  ton  of  tin  produced, 
and  the  loss  of  metal  may  be  estimated 
at  about  five  per  cent.  By  this  pro- 
cess every  ton  of  tin  smelted  requires 
for  its  reduction  l^^th  ton  of  chmoal, 
whilst  the  per-ceni»ge  loss  of  metal  is 
three  times  greater.  From  this  it  is 
evident  that  the  former  is  by  far  the 
more  economical  method  of  treatment, 
although  the  metal  obtained  from  the 
blowing-house  is,  partly  from  the 
greater  purity  of  the  ore,  and  partly 
from  the  superior  nature  of  the  &el,  of 
better  quality  than  that  obtained  by 
the  other  process. 

Grain  tm  is  prepared  by  heating 
blocks  of  that  metal  in  a  bath  of  melted  tin ;  and,  when  the 
temperature  has  been  suifieiently  elevated  to  cause  the  block  to 
assume  a  crystalline  structure,  it  is  withdrawn  frx)m  the  bath,  and 
broken  by  a  blow  from  a  heavy  hammer. 


PBQOXSS  rOB  THI  PlTBrPICATIOir  07  TIK  AITD  ICAinTFACTinZE  OF 
ZHTO  WHITE. 


•r  Ttak — It  has  been  long  well  known  that  a  cer- 
tain portion  of  the  tin  which  comes  into  l^e  English  market  is 
furnished  by  Peru.  Of  this  tin  some  specimens  are  of  tolerably 
good  quality,  and  fetch  prices  nearly  approaching  to  those  realised 
by  the  less  pure  varieties  of  British  tin.  Othere,  on  the  contraiy, 
contain  such  large  quantities  of  tungsten,  aisenic,  and  lead,  as  to 
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be  almost  useless  for  most  of  the  purposes  for  whicli  ordinaiy  tin 
is  employed.  This  impure  metsJ  sells  for  about  £20  per  ton 
below  the  price  of  tin  of  the  usual  degree  of  purity. 

After  a  series  of  investigaitions  on  uie  subject  of  Peruvian  tin,  I 
have  been  led  to  recommend  the  following  method  for  its  purifi- 
cation:— 

The  impure  tin  is  first  to  be  fused  in  an  iron  pot,  and  then 
granulated  by  being  run  off  into  cold  water. 

This  granulated  tin  is  now  acted  on  by  hot  hydrochloric  acid, 
caie  being  taken  that  an  excess  of  tin  be  kept  constantly  present. 
By  this  means  the  tin  is  dissolyed  in  the  state  of  protochloride, 
whilst  the  whole  of  the  tungsten,  which  is  the  chief  impurity  of 
this  metal,  renuuns  at  the  bottom  of  the  vat  in  the  form  of  a  black 
powder. 

The  clear  solution  is  then  run  off  into  another  vessel  contain- 
ing a  small  quantity  of  the  same  impure  tin  in  a  granulated  form, 
by  which  traces  of  arsenic  and  antimony  which  have  not  passed 
off  in  combination  with  the  hydrogen  evolved  during  the  solution 
of  the  tin,  are  precipitated  in  the  form  of  a  black  powder.  Should 
any  lead  occur,  it  is  at  once  removed  by  the  addition  either  of 
sumhate  of  zinc  ^or  sulphuric  acid. 

From  the  clear  solution  thus  procured  the  tin  is  obtained  in 
the  metallic  form,  and  in  a  state  of  absolute  purity,  bv  the  intro- 
duction of  plates  of  metallic  zinc,  whilst  a  solution  of  pure  chlo- 
ride of  zinc  is  produced. 

The  ^>ongy  metal  thus  thrown  down,  afber  being  well  washed, 
first  in  dilute  hydrochloric  acid,  and  subsequently  in  water,  is 
fused  in  an  iron  pot  and  then  cast  into  blocks,  which  will  be  as 
free  firom  impurities  as  ordinary  grain  tin. 

llf— fccfre  •€  zine  Wfcite. — The  solution  of  pure  chloride  of 
snc,  obtained  by  the  precipitation  of  tin  by  metallic  zinc,  is  now 
decomposed  by  boiling  with  ntiilk  of  lime.  The  lime  employed 
for  this  purpose  must  be  as  free  as  possible  from  oxide  of  iron,  and 
for  this  reason  that  obtained  from  the  neighbourhood  of  Bristol 
is  to  be  preferred. 

The  oxide  of  zinc  thus  precipitated,  is  entirely  without  the 
covering  property  known  by  painters  under  the  name  of  body,  but 
this  quality  is  bestowed  on  it  in  a  very  eminent  degree  by  its 
being  heated  to  redness  in  a  properly  constructed  furnace.  The 
oxide  of  zinc  thus  obtained  is  found  to  be  equal,  if  not  superior, 
to  ordinary  zinc  white. 
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ZINC. 

Equiv.  =  32-52.    Density  =  7*0. 

ALTHOroH  the  ores  of  zinc  have  probably  been  employed  from 
remote  antiquity  for  the  purpose  of  converting  copper  into  brass, 
the  metal  itself  does  not  appear  to  have  been  Imown  in  this 
country  prior  to  the  commencement  of  the  sixteenth  century ;  as 
we  find  it  first  mentioned  by  Paracelsus,  who  died  in  the  year 
1580.  Its  colour  is  blueish-white,  and  when  recently  broken, 
it  presents  a  very  brilliant  ciystalline  surface.  At  ordinary  tem- 
peratures zinc  is  a  brittle  metal,  but  when  heated  to  between  212* 
and  800^  it  becomes  both  ductile  and  malleable.  When  the  heat 
is  increased  to  about  450^  it  is  again  brittle,  and  may  at  this  tem- 
perature be  readily  pulverised  in  an  iron  mortar.  Zinc  fuses 
at  about  778®  Fahr.,  and  when  slowly  cooled,  exhibits  a  highly 
lamellar  and  crystalline  texture.  The  zinc  of  commerce  is  never 
chemically  pure,  but  is  invariably  contaminated  by  various  other 
metals,  such  as  lead,  cadmium,  iron,  and  copper :  it  may,  however, 
be  obtained  in  a  state  nearly  approaching  to  purity  by  the  follow- 
ing process : — ^A  firaffment  of  the  purest  commercial  zinc  is  dis- 
solved in  dilute  sulphuric  acid,  and  in  the  solution  is  placed  a  slip 
of  the  same  metal,  which  is  allowed  to  remain  for  some  hours. 
The  liquid  is  now  filtered,  decomposed  by  carbonate  of  potash,  and 
the  precipitate,  after  being  well  washed,  is  heated  with  powdered 
charcoal  in  an  earthen  or  iron  retort.  The  zinc,  which  is  volaiale 
at  a  white  heat,  is  thus  distilled  over  into  a  vessel  of  water  placed 
beneath  for  its  reception ;  but  care  must  be  taken  that  the  neck 
of  the  retort  be  short  and  wide,  as  it  will  otherwise  be  liable  to 
become  choked  by  an  accumulation  of  the  condensed  metal. 

When  a  brilliant  surface  of  clean  and  polished  zinc  is  exposed 
to  dry  air,  it  remains  unchanged  at  common  temperatures ;  in  a 
damp  atmosphere,  on  the  contrary,  it  is  speedily  tarnished,  and 
soon  acquires  a  gr^  colour  from  the  formation  of  a  superficial 
coating  of  oxide.  When  heated  in  contact  with  air  at  a  tempera- 
ture superior  to  that  of  its  point  of  fusion,  it  takes  fire,  and  bums 
with  an  extremely  vivid  white  flame.  The  brilliancy  of  this  flame 
is  caused  by  the  combustion  of  metallic  zinc,  which,  giving  rise  to 
the  formation  of  oxide  of  zinc,  the  flares  zincij  or  nihilutn  album  of 
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the  early  chemists,  a  body  perfectly  fixed  at  all  temperatures,  it 
becomes  heated  to  whiteness,  and  thus  communicates  to  the  flame 
its  peculiar  intensity  of  colour.  Oxide  of  zinc  obtained  by  this 
means  is  largely  employed  when  ground  with  oil  as  a  pigment,  in 
lieu  of  white  lead,  and  firom  its  perfect  whiteness,  as  well  as  from 
the  circumstance  of  its  not  becoming  blackoied  by  sulphuretted 
hydrogen,  it  is  for  many  purposes  to  be  preferred  to  the  different 
preparatioDS  of  the  former  metal. 

Zinc  is  dissolved  in  hydrochloric  and  dilute  sulphuric  acids  with 
evolution  of  hydrogen  gas;  the  action  of  these  acids  is  more 
energetic  on  ordinary  commercial  zinc  than  on  that  which  is  che- 
Biicidly  pure.  This  metal  decomposes  water  with  the  formation 
of  oxide  of  zinc  and  evolution  of  hydrogen  gas.  When  the  zinc 
is  in  a  state  of  fine  division,  this  reaction  commences  at  a  tem- 
perature slightly  superior  to  212®.  Zinc  is  likewise  soluble  with 
the  liberation  of  hydrogen  gas  in  boiling  solutions  of  potash  and 
soda :  in  this  case  the  oxide  of  zinc  formed  acts  as  a  metallic  acid, 
and  combines  with  the  alkaline  base,  forming  soluble  salts.  If,  at 
the  same  time  that  the  zinc  is  inserted  in  the  alkaline  solution,  a 
slip  of  iron  be  placed  in  contact  with  it  in  the  same  liquid,  the 
decomposition  of  water  may  be  readily  effected  at  ordinary  tem- 
peratures, as  in  this  case  the  zinc  alone  is  attacked,  whilst  the  iron 
merely  serves  as  the  n^ative  element  of  a  voltaic  pair  by  the 
action  of  which  these  decompositions  are  much  facilitated.  From 
the  oxides  of  antimony,  arsenic,  tellurium,  bismuth,  cadmium,  tin, 
lead,  iron,  cobalt,  nickel,  copper,  mercury,  silver,  gold,  platinum, 
palladium,  rhodium,  iridium,  and  osmium,  dissolved  in  acids,  zinc 
withdraws  all  the  oxygen  and  precipitates  the  metals,  whilst  it  is 
itself  dissolved  in  the  add  in  the  form  of  an  oxide,  and  gives  rise 
to  the  formation  of  salts  of  zinc. 

From  some  of  the  higher  oxides,  when  dissolved  or  difi^ised  in 
acids,  rfc  withdraws  only  a  part  of  their  oxygen,  and  reduces  them 
to  the  state  of  protoxides. 
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Zinc  usually  occurs  in  combination  with  either  sulphur,  oxygen, 
carbonic  acid,  sulphuric  acid,  or  silica,  and  is  also  occasionally 
found  associated  with  alumina,  as  in  a  variety  of  the  species  spinel. 
Before  the  blowpipe  the  ores  of  zinc  are  almost  completely  in- 
fusible, but  when  strongly  heated  on  a  charcoal  support,  give  off 
with  greater  or  less  facility  white  fumes  of  oxide  of  zinc,  which 
are  condensed  on  the  cooler  parts  of  the  charcoal. 

The  zinc  of  conmierce  is  chiefly  obtained  fix)m  the  natural  car- 
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bonates  and  silicates  of  this  metal,  and  sometimeB,  althoo^  Toare 
xarely,  from  the  oxide  and  the  native  sulphide  or  Uende.  Theoies 
of  zinc  occur  either  in  veins  tniTeraing  primitiTe  or  transitioa 
rocks,  or  in  floors  and  stockwerks  in  more  recent  formations.  The 
first  mode  of  occurrence  is  by  far  the  most  frequent,  but  the  xnoie 
recent  deposits  are  generally  the  most  productive. 

Hcd  OzUe  •rxiMi  Zinc  oaofdi  ferrpre;  ZmkoxytL — Bed 
oxide  of  zinc,  although  rarely  occurring  in  t^  crystalline  form, 
has  sometimes  been  met  with  in  crystius  derived  from  the  right 
rhombic  prism.  It  is  found  at  Sparta  in  New  Jersey,  where  it  ia 
associated  with  franklinite  and  carbonate  of  lime. 

According  to  an  analysis  of  Berthier  this  mineral  is  compoeed 
of— 

Oxide  of  zinc       .  .88 

Oxide  of  iron  and  red  oxide  of  manganese      .     12 

100 

Its  specific  gravity  varies  firom  5*4  to  5'5 ;  it  has  an  adamantine 
lustre,  and  affords  when  scratched  an  orange-yellow  streak.  Its 
colour  is  red  of  various  hues,  sometimes  inclining  to  yellow ;  it 
possesses  two  distinct  cleavages  at  an  angle  of  120^,  is  britUe,  and 
])re6ent8  a  conchoidal  fracture. 

Alone,  before  the  blowpipe,  this  mineral  is  infusible,  but  with 
the  addition  of  borax  a  yellow  transparent  glass  is  obtained.  Its 
surface  becomes  dull,  and  ultimately  white,  by  exposure.  When 
acted  on  by  nitric  acid  it  dissolves  without  effervescence. 

Bed  oxide  of  zinc  is  raised  in  large  quantities  in  the  localiiy  in 
which  it  is  chiefly  found,  and  constitutes  a  valuable  and  abundant 
source  of  that  metal.  A  specimen  of  this  mineral,  of  extreme 
purity,  and  weighing  16,4!00lbs.,  was  forwarded  to  the  Great  Exhi- 
bition of  1851. 

auphUe  •r  ziBC)  Zmc  mUJure;  Blende. — ^This  mineral  occurs 
either  massive  or  in  dodecahedrons,  octahedrons,  and  other  allied 
forms.  It  admits  of  six  distinct  cleavages  parallel  to  the  faces  of 
the  dodecahedron,  and  when  scratched  affords  a  streak  varying 
from  white  te  reddish-brown.  In  colour  it  varies  from  resui- 
yellow  te  dark-brown  or  black,  and  specimens  having  a  green  or 
red  tint  are  occasionally  met  with*  Its  lustre  is  waxy  or  resinous^ 
and  when  recently  broken  a  brilliant  and  firequently  submetaDic 
surface  is  obtained.  Specific  gravity  4i'0  te  4*1.  Some  specimens 
become  electric  by  friction.  This  ore,  particularly  when  of  a  dark 
colour,  frequently  contains  sulphide  of  iron,  and  the  red  variety  is 
sometimes  associated  with  from  1  te  2  per  cent,  of  sulphide  of  ad* 
mium.    When  heated  alone,  or  with  the  addition  of  borax,  before 
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the  blowpipe,  it  is  inftuible ;  but  when  a  charcoal  support  is  em- 
plOTed,  it  yields  white  fumes  of  oxide  of  zinc. 

Blende  occurs  in  rocks  of  all  ages,  and  is  generally  associated 
'With  the  ores  of  lead,  as  also,  though  less  frequently,  with  those  of 
iron,  copper,  tin,  and  sihrer.  The  blende  found  in  this  country  is, 
from  the  amount  of  sulphide  of  iron  which  it  contains,  usually  of 
a  dark  colour,  and  hence  called  Black  Jack  by  English  miners. 
This  sulphide  is  found  abundantly  in  ComwaU,  Cumberland,  and 
Derbyshire,  as  well  as  in  Tranfi^lvama,  Hungary,  and  the  Hartz. 

A  tsransparent  yariety  of  a  bright  yellow  colour  accompanies 
Ixiumonite  and  fiihlerz  at  Kapnick  in  Transylvania ;  still  more 
beautiful  specimens  of  an  oHve-green  tint  are  procured  from 
Schemnitz  in  Hungaiy ;  whilst  Sweden,  Bohemia,  and  Saxony, 
are  &nou8  for  the  brimant  brown  and  black  crystals  they  afford. 

The  zinc  and  sulphur  of  which  this  minend  is  composed  are 
ocMnbined  in  the  proportion  of  1 : 1,  and  its  composition  will  con- 
sequently be  expressed  by  the  formula  ZnS. 

Two  analyses  of  this  substance  from  different  localities  afforded 
to  Berthier  and  Arfwedson  the  following  results : — 

SalpUde  of  zinc  in  cryatels.  Lameller  from  Kngland. 

AifiradflOD.  Bothier. 

Zinc    .      .    66*84  615 

Iron    .      .         00        .  .        ,  40 

Sulphur      .    83*66  .        88*0 

100-00  98-5 

From  the  difficulties  experienced  in  its  metalluigic  treatment, 
this  mineral  was  until  recently  but  sparingly  employed  as  an  ore 
of  zinc,  although,  when  carefully  roasted,  it  readily  yields  by  dis- 
tillation carbcmaceous  matter,  a  large  proportion  of  the  metal 
which  it  contains. 

€■■■%■■■•»  •#  Ztecf  CkikernxM;  Zinc  carbonatS;  ZrnkspcUh. — 
This  substance  is  found  in  crystals  in  concretionated  and  compact 
masses,  and  in  pseudomorphic  forms.  When  pure,  its  colour  is 
yeUowish-white ;  but  when  much  contaminated  with  iron,  it  is 
frequently  brown  or  reddish-brown. 

Its  lustre  is  vitreous,  inclining  to  pearly ;  streak,  white ;  and 
elesYage  parallel  to  i^e  &ces  of  the  rhombohedrcm,  which  is  its 
primitiYe  form.  Specific  gravi^  from  4*3  to  4*45.  Smithson, 
who  analysed  two  ^>ecimens  of  this  mineral  from  Derbyshire, 
found  them  to  contain — 

L  IL 

Oxide  of  zinc       .      •    65*20    .      .     64*64 
Carbonic  add      .      .    84*80    .      .    85*36 

100*00  10000 
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These  numbers  correspond  to  tlie  composition  represented  by 
the  formula  ZnO,  COs.  It  is  soluble  in  adds  with  the  evolution 
of  carbonic  add  gas,  and  when  strongly  heated  before  the  blow- 
pipe, carbonic  acid  is  eliminated,  and  oxide  of  zinc  remains.  This 
IS  one  of  the  most  important  ores  of  zinc,  and,  together  with  the 
silicate  with  which  it  is  invariably  associated,  is  extensively  treated 
for  the  metal  it  contains.  A  compact,  fibrous,  semi-transparent 
variety  of  this  mineral,  of  a  pale-yellow  colour,  and  disposed  in 
concentric  bunins,  occurs  at  Alston  Moor  in  Cumberland,  where 
it  is  found  associated  with  blende  and  galena  in  a  calcareous  rock. 
It  is  likewise  abundant  in  Derbyshire,  as  also  in  Siberia,  Hungary, 
Silesia,  Carinthia,  and  near  Aix-la-Chapelle,  as  well  as  in  many 
parts  of  the  United  States  of  America. 

MUaMe  •#  Ztacf  EUdric  Oalomine;  Zine  oaofde  sUid/ere; 
Zinkglaa, — This  mineral  was  for  a  long  time  confounded  with 
carbonate  of  zinc,  although  they  differ  materially  from  each  other, 
both  in  their  chemical  and  physical  properties.  Silicate  of  zinc 
occurs  stalactic,  mammillated,  botryoidal,  and  massive,  and  also 
crystallised  in  forms  derived  from  the  right  rhombic  prism. 

Its  usual  colour  is  white,  but  blue,  green,  yellow,  and  brown 
specimens  are  occasionally  met  with.  This  substance  may  be 
either  transparent  or  opaque,  but  has  a  vitreous  lustre  and  white 
streak.  Spedfic  gravity  3*3  to  3*6.  Fracture  uneven.  Crystals 
of  this  mineral  when  heated  become  electric,  and  the  same  effect 
Ls  sometimes  produced  by  friction  alone.     It  consists  of — 

From  Limbomi^.  From  AltenbeiiB. 

Bertbier.  Bensdiofl. 

Oxide  of  zmc     .     66*0 66-37 

Silica  ....     260 26-23 

Water      ...      90 7*40 
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These  results  indicate  this  body  to  be  composed  of  two  atoms 
of  silicate  of  zinc  united  to  one  equivalent  of  water,  and  its 
constitution  will  consequently  be  represented  by  the  formula 
2  (jLnO,  SiOs)  +  HO.  This  is  a  valuable  ore,  and  is  commonly  as- 
sociated with  the  carbonate  of  the  same  oxide  in  veins  containing 
ores  of  iron  and  lead,  together  with  the  sulphide  or  zinc  blende. 
Considerable  quantities  occur  at  Bleyberg  and  Eaibel  in  Carinthia^ 
as  also  at  Freyberg,  at  Bezbanya  in  Hungary,  Tamowitz  in 
Silesia,  and  Altenberg  near  Aix-la-Chapelle.  Concentric  botryoidal 

f  roups  are  also  found  in  the  Mendip  Hills,  and  at  Wanlock- 
ead  in  Dumfriesshire ;  pseudomorphous  crystals  of  the  same 
substance  occur  in  some  parts  of  Derbyshire,  and  at  Schemnitz  in 
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Sungaiy.  Before  the  blowpipe  it  decrepitates,  intumesces,  and 
IcMses  its  transparency.  When  reduced  to  fine  powder,  it  is  soluble 
in  hydrochloric  and  sulphuric  acids  when  gently  heated,  and  on 
cooling  the  silica  is  deposited  in  a  gelatinous  state. 

Sripkato  •#  ziiM  is  not  fopnd  in  sufficient  quantity  to  be  re- 
garded as  an  ore  of  zinc.  It  is  commonly  associated  with  blende, 
by  the  oxidation  of  which  it  is  supposed  to  be  produced ;  it  is  a 
flolable  salt  of  a  white  colour.  It  occurs  at  Holywell  in  Wales, 
in  the  Hartz,  at  Fahlun  in  Sweden,  and  Schemnitz  in  Hungary. 


JBsmcATioir  or  zino — bepabation  fbom  otheb  metals. 

For  the  purposes  of  analysis,  zinc  is  commonly  weighed  in  the 
state  of  oxide.  If  the  solution  of  oxide  of  zinc  is  free  from  any  ad- 
mixture of  ammoniacal  salts,  carbonate  of  soda  maybe  at  once  added, 
and  the  liquor  briskly  boiled  until  the  whole  of  the  carbonate  of 
zinc  has  been  precipitated.  This  is  afterwards  collected  on  a  filter, 
washed,  and  after  being  allowed  to  dry,  calcined  in  a  platinum 
emcible  for  the  purpose  of  expelling  the  carbonic  acid.  If,  on 
the  contrary,  ammoniacal  salts  are  present,  it  is  necessary  that 
these  should  be  first  eliminated  by  the  addition  of  an  excess  of 
carbonate  of  soda,  and  subsequent  evaporation  to  dryness.  The 
dry  mass  is  then  treated  with  boiling  distilled  water,  and  the 
precipitated  carbonate  of  zinc  separated  by  filtration. 

Oxide  of  zinc  may  be  separted  from  peroxide  of  iron,  when  the 
latter  is  in  large  excess,  by  the  supersaturation  of  the  liquid  by 
ammonia.  When  thus  treated  the  oxide  of  zinc  remains  in  solu- 
tion, whikt  the  peroxide  of  iron  is  precipitated,  and  must  be 
thrown  on  a  filter  and  washed.  Afber  havmg  separated  the  iron 
from  the  solution  by  filtration,  the  zinc  is  obtained  by  the  ad- 
dition of  an  excess  of  carbonate  of  soda  and  evaporation  to 
dryness.  This  method  of  separation  is,  however,  only  applicable 
in  cases  where  small  quantities  of  these  bodies  are  to  be  separated, 
as,  when  considerable  weights  of  the  mixed  oxides  are  to  be  dealt 
with,  the  oxide  of  iron  invariably  retains  a  notable  weight  of  zinc. 
Under  these  circumstances,  succinate  of  ammonia  should  be  em- 
ployed, care  being  previously  taken  to  add  to  the  solution  a 
sufficient  amount  of  caustic  ammonia  to  determine  the  precipi- 
tation of  a  small  portion  of  the  oxide  of  iron. 

Zinc  may  be  separated  from  copper  bv  passing  through  their 
add  solution  a  current  of  sulphuretted  hydrogen  gas,  by  which 
the  latter  is  precipitated. 

The  best  method  of  separating  the  oxides  of  zinc  and  manganese 
consists  in  transforming  them  into  acetates,  and  adding  to  their 
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Bolution  a  considerable  amount  of  free  acetic  add :  sulphuietted 
hydrogen  gas  is  now  passed  through  the  solution,  and  the  zinc  is 
preciprbated  in  the  form  of  sulphide,  whilst  in  the  presence  of  the 
free  acetic  acid  the  manganese  is  retained  in  solution. 

Oxide  of  zinc  is  separated  from  lead  either  by  a  ow'i«»l  of 
hydrosulphuric  acid,  as  in  the  case  of  eoppCT,  or  bj  adding  to 
their  solution  in  acids  sulphuric  acid,  or  an  alkaline  sulphate,  whoL 
sulphate  of  lead  of  a  white  colour  wiU  be  precipitated. 

The  separation  of  oxide  of  zinc  frt)m  almnina  is  e^Msted  eitiiv 
bj  their  solution  in  an  excess  of  caustic  potash,  and  the  precipita- 
tion of  the  zinc  by  sulphuretted  hydrogen,  or  by  oonyerting  them 
both  into  acetates,  when  the  same  reagent  causes  the  pred^tation 
of  the  zinc  in  the  form  of  sulphide. 

To  separate  oxide  of  zinc  from  magnesia,  a  sufficient  quantity  of 
chloride  of  ammonium  to  prevent  the  formation  of  a  precipitate  on 
the  addition  of  ammonia,  is  added  to  the  solution.  When  the 
liquor  is  strongly  acid  this  precaution  may  be  omitted,  and,  on 
passing  a  current  of  sulphuretted  hydrogen,  a  predpitate  of  sul- 
phide of  zinc  at  once  takes  plao^.  The  filtrate  from  the  zinc 
predpitate  is  afberwards  rendered  acid  and  evaporated,  and  from 
this  the  magnesia  may  be  separated  by  the  usual  method. 

Lime  is  separated  from  oxide  of  zinc  by  first  rendering  tiie 
Kquor  ammoniacal,  and  afterwards  precipitating  the  lime  by  oxalate 
of  ammonia.  The  zinc  is  obtained  from  the  filtrate  by  the  additioa 
of  carbonate  of  soda  and  evaporation  to  dryness.  On  treating  ihe 
residue  with  boiling  water,  the  carbonate  of  zinc  remains  undis- 
solved, and  is  converted  into  oxide  by  calcination  at  a  high  ton- 
perature  in  a  porcelain  crudble.  Every  100  parts  of  the  oxide 
thus  obtained  correspond  to  80*26  parts  of  me1»llic  zinc. 


▲SSAT  AlTD  ASTALTSIS  OF  THX  OBES  OF  ZIKG. 

The  estimation  of  the  amount  of  zinc  contained  in  an  ore  of 
that  metal,  is  by  the  dry  way  a  very  troublesome  and  uncertain 
operation,  as  the  zinc  which  it  contains,  from  being  extremely 
volatile,  and  subject  to  oxidation  at  high  temperatures,  cannot  be 
obtained  in  the  form  of  a  button  as  is  the  case  with  the  metals 
heretofore  described,  and  must  therefore  be  distilled  and  again 
collected  in  proper  recdvers,  or  its  weight  must  be  calculated  from 
the  loss  experienced  by  its  ores  when  subjected  under  certain 
circumstances  to  an  devated  temperature.  Berthier,  who  has 
made  numerous  experiments  on  this  subject,  divides  all  bodies 
containing  zinc  capable  of  being  assayed  by  the  dry  way  into  t^e 
four  following  dasises : — 
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Ist.  Those  in  which  the  metal  exists  in  the  form  of  oxide  nn- 
combined  with  silicic  acid. 

2nd.  Ores  of  zinc  in  which  the  metal  is  present  as  oxide,  wholly, 
or  in  part  combined  with  silicic  acid. 

3rd.  Zinc  ores  in  which  the  metal  is  wholly  or  in  part  combined 
with  sulphur. 

4th.  Alloys  of  zinc. 

To  reduce  the  oxide  of  zinc  contained  in  minerals  of  om  PiMt 
ClMM,  it  is  only  necessary  to  mix  them  with  powdered  charcoal, 
and  expose  them  for  a  sufficient  time  to  a  white  heat.  The  metal 
thus  obtained  is  at  the  moment  of  its  reduction  converted  into  a 
vapour  readily  condensible  in  proper  receivers,  and  if,  therefore, 
the  operation  be  conducted  in  an  earthen  retort,  with  a  long 
beak  kept  properly  cooled,  the  whole  of  the  metallic  zinc  may  be 
oollficted  and  weighed.  To  do  this  the  neck  of  the  distillatory 
apparatus  must  be  broken  off,  and  its  lining  of  metallic  zinc  care- 
fully detached :  but  this  method  of  estimation  is  from  two  distinct 
causes  liable  to  be  inexact.  The  first  of  these  is,  that  the  metallic 
deposit  is  extended  over  a  large  sur&ce,  and  is  ifrequently  very 
difficult  to  detach  completely  firom  the  sides  of  the  retort  to  which 
it  firmly  adheres ;  and,  secondly,  as  the  neck  of  the  retort  is  open 
during  the  operation,  aU  the  vapour  which  approaches  nearest  to 
the  orifice  becomes  converted  into  oxide.  The  removal  of  the  me- 
tallic crust  firom  the  interior  of  the  neck  is  much  facilitated  by  the 
application  of  a  little  plumbago  previous  to  the  introduction  of  the 
charge.  When  the  beak  is  not  of  itself  sufficiently  long  for  the 
complete  condensation  of  the  zinc,  a  piece  of  glass  tube  may  readily 
be  adapted  so  as  to  lengthen  it.  If  the  coating  adheres  so  firmly 
as  not  to  admit  of  complete  removal,  that  which  remains  attached 
to  the  retort  may  be  dissolved  in  nitric  acid,  which,  on  being 
evaporated  to  dryness,  and  calcined,  yields  a  certain  amount  of 
oxide,  four-fifths  the  weight  of  which  must  be  added  to  that  of  the 
metaflie  zinc  scraped  from  the  firagments  of  the  broken  retort. 

Instead  of  operating  in  this  way,  an  approximation  to  the 
quantity  of  zinc  contained  in  an  ore  may  be  obtained  by  heating 
it  together  with  proper  fixed  fluxes  in  a  lined  crucible  at  the 
temperature  of  an  iron  assay,  and  afterwards  judging  of  the  amount 
of  zinc  present  from  the  loss  of  weight  experienced  during  the 
operation.  The  resulting  button,  which  is  a  mixture  of  slag  and 
granules  of  cast  iron,  is  first  weighed  without  being  broken,  and 
after  crushing  it  in  an  iron  mortar  the  metallic  shot  are  removed 
by  a  magnetic  bar.  The  weight  of  these  is  next  ascertained,  and 
by  diffisrence,  that  of  the  scoria  is  readily  found.  The  weight  of 
the  oxygen  lost  by  the  iron  during  its  reduction  is  now  by  cal- 
culation added,  and  on  subtractrog  the  product  of  these  united 

xs 
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nmnben  from  the  amount  of  flux  and  mineral  employed  we  im- 
mediately get  the  weight  of  the  volatiliaed  zinc. 

By  deducting,  on  the  other  hand,  the  weight  of  the  fixed  fiux 
used  from  that  of  the  slaff  obtained,  the  weight  of  the  earthy 
matter  and  unreducible  oxides  associated  with  the  ore  of  zinc  may 
be  arrived  at  with  a  tolerable  degree  of  precision. 

These  results  have  been  expreased  by  Berthier  in  the  following 
tabular  form : — 

Let  W  be  the  wei^^ht  of  crude  ore,  and  w  that  of  the  ore  after 
calcination ;  t  the  weight  of  the  flux  added ;  /  the  weight  of  ihe 
cast  iron  found ;  8  the  weight  of  slag  ;  o  the  weight  of  oxygen 
combined  with  the  iron ;  and  z  the  weight  of  the  oxide  of  sine 
sought. 

Then  we  have — 

W  crude  ore  =  calcined  do.  =  w 
t  fixed  fluxes  added   .     .    .     ,     t 


Oxygen  o  j  Oxide  of  zinc  w  +  <  — /' —  «  —  o 
Flux  added  t 

Earthy  matters  s  —  t 

OvM  •£  tke  B^emmd  ciaasi — ^The  silicates  of  zinc  not  being  reduc^ 
ible  by  charcoal  alone,  require  the  addition  of  some  flux  capable 
of  combining  with  the  sihcic  acid  present.  For  this  purpose  lime 
or  magnesia  may  be  advantageously  employed,  and  the  ores  are 
then  Seated  precisely  like  those  belonging  to  the  first  class. 

The  Aaamr  mt  €lrc«  k«l«aglag  f  tke  Third  ClaM  is  conducted, 

after  the  removal  of  their  sulphur  by  a  careM  roasting,  predaely 
like  those  of  the  first  and  second. 

FMorth  ciBM.  AJOmf  of  zinc  with  iron,  copper,  or  tin,  may  be 
assayed  by  heating  them  in  a  lined  crucible  with  an  earthy  flux, 
and  weighing  the  resulting  button :  the  loss  experienced  will  in 
this  case  very  closely  approximate  to  the  amount  of  metallic  zinc 
originally  present. 

ABBi7«ia  9t  zinc  OKik — Carbouate  of  zinc  may  be  analysed 
by  the  following  process: — To  ascertain  the  amount  of  watar 
which  it  contaiiis,  a  weighed  quantitv  is  heated  in  a  short  com- 
bustion tube,  to  which  a  chloride  of  calcium  tube  is  attached ; 
when  the  increase  of  weight  experienced  by  the  latter  represents 
the  amount  of  water  contained  in  the  quantity  of  substance 
operated  on.  Another  weighed  quantity  of  the  mineral  is  now 
strongly  heated  in  a  platinimi  crucible :  the  loss  experienced  in 
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this  case  corresponds  to  the  united  weights  of  water  and  carbonic 
acid  contained  in  the  ore.  Bj  deducting  the  first  of  these  results 
from  the  second,  we  readily  ascertain  the  weight  of  the  carbonic 
acid  originallj  combined  with  oxide  of  adnc.  Either  a  fresh  por- 
tion  of  ore,  or  the  residue  of  the  above  calcination,  is  dissolved  in 
hydrochloric  acid,  evaporated  to  dryness,  and  subsequently  treated 
with  hot  water,  by  which  the  soluble  raits  are  readily  taken  up, 
whilst  a  certain  portion  of  insoluble  sihca  which  remains  is  col- 
lected on  a  filter  and  carefully  washed.  Excess  of  anunonia  is  now 
added  to  the  filtrate,  and  the  precipitate  formed  separated  by 
filtration.  The  liquor,  which  in  this  stage  of  the  operation  passes 
through  the  filter,  contains  the  whole  of  the  oxide  of  zinc,  which 
may  be  separated  and  estimated  with  the  precautions  already  de- 
scribed.^ 

When  blende  is  the  mineral  to  be  examined,  it  may  be  directly 
treated  with  aqua  regia,  and  the  zinc  and  other  metals  estimated 
precisely  as  when  a  carbonate  has  been  operated  on.  A  separate 
quantily  of  the  ore  must  be  attacked  for  the  estimation  of  sulphur 
which  is  precipitated  and  weighed  in  the  state  of  sulphate  of 
baiyta. 

ICETALLXTBOT  OF  ZING — ^EKOLISH  PBOCESS. 

The  metaUurgic  treatment  of  the  ores  of  zinc  is  extremely 
ample.  When  calamine  is  the  mineral  operated  on,  it  is  first 
submitted  to  a  calcination,  by  which  it  is  rendered  friable,  and  its 
water  and  carbonic  acid  expelled.  The  roasted  ore  is  afberwards 
reduced  under  heavy  edge-runners  to  the  state  of  fine  powder, 
and  mixed  with  a  proper  proportion  of  charcoal  or  coal  dust,  by 
which,  when  strongly  heated  in  earthen  retorts,  its  conversion  into 
metallic  zinc  is  determined.  The  reduction  of  the  oxide  is  effected 
at  the  expense  of  the  carbon  present,  carbonic  oxide  gas  is  evolved, 
and  the  metallic  zinc  liberated  is  condensed  in  proper  receivers 
adapted  to  the  retorts  in  which  the  operation  is  conducted.  The 
arrangement  of  the  apparatus  in  which  these  transformations  take 
place  is  varied  in  different  localities  in  accordance  with  the  qualities 
of  the  mineral  treated,  and  the  nature  of  the  fiiel  employed. 

In  this  country  the  greater  part  of  the  zinc  works  are  situated 
in  the  neighbourhood  of  Bristol  and  Birmingham,  but  a  few  fur- 
naces are  also  found  in  the  vicinity  of  Sheffield.  Bristol  and 
Birmingham  are  chiefly  supplied  with  ores  from  the  Mendip  Hills 
and  Flintshire ;  and  Sheffield  from  the  mines  of  Alsten-moor,  in 
Cumberland.     The  ore  most  commonly  employed  is  cahunine. 

This  pfooeas,  though  not  absolutely  aocurate,  is  suffidently  so  fbr  pimctical 
pnipoaa. 
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which,  after  heing  carefully  freed  from  galena  by  hand-pickingy 
is  calcined,  before  its  introduction  into  the  smelting  ^paratus, 
by  being  exposed,  after  being  broken  into  a  coarse  powder,  to 
the  action  of  a  large  reverberatory  furnace  with  a  low  dome. 
In  some  instances  tins  calcination  is  omitted,  and  the  calamine  is 
then  at  once  broken  into  fragments  of  the  size  of  hazel  nuta,  and 
mixed  with  its  due  proportion  of  small  coals. 

Sometimes,  though  more  rarely,  blende  is  employed.  For  this 
purpose  it  is  broken  into  pieces  of  the  size  of  a  filbert,  and  roasted, 
without  further  preparation,  in  large  reverberatory  frurnaceB,  heated 
by  a  coal  fire.  These  are  about  10  feet  in  length  and  7  in  width ; 
the  distance  between  the  sole  and  roof  at  the  highest  part  being 
80  inches,  and  the  height  of  the  fire-bridge  18.  The  bl^de  is  laid 
on  the  bottom  of  the  furnace  in  a  layer  of  from  3  to  5  inch»  in 
thickness,  and  is  constantly  kept  stirred  with  iron  rak^  during 
the  operation.  The  roasting  of  each  charge  occupies  firom  10  to 
12  hours,  and  the  loss  of  weight  sustained  during  the  calcination 
amounts  to  about  20  per  cent. 

The  process  employed  in  this  country  for  the  reduction  of  OEres 
of  zinc  is  called  cUstUlation  per  descensuniy  and  is  conducted  in  a 
furnace  in  many  respects  very  similar  to  those  used  in  glass-houses 


for  the  fusion  and  preparation  of  glass.  These  furnaces  may  be 
either  square  or  round,  but  that  represented,  ^g.  162,  and  which  is 
usually  preferred,  has  the  latter  form.  The  fire-place,  P,  is  raised 
to  a  convenient  height  above  the  surface  of  the  ground,  and  is 
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situated  in  the  centre  of  the  arrangement.  Around  this  are  dis- 
posed the  crucibles,  c,  into  which  is  charged  the  mixture  of  ore 
and  fine  coal  from  which  the  zinc  is  to  be  distilled- 

The  dome,  d,  is  pierced  with  openings,  by  which  the  mixture  of 
powdered  ore  and  coal  is  introduced,  corresponding  to  each  cru- 
cible, and  the  bottom  of  each  pot  is  furnished  with  a  hole  in  con- 
nection with  an  iron  tube, «,  which  traverses  an  opening  left  in 
the  sole  of  the  furnace,  and  thus  projects  beneath  the  floor  into  a 
^^hamber  placed  immediately  below  it.     The  upper  orifice  of  this 
tube  is  closed,  previous  to  the  introduction  of  the  charge,  by  a 
wooden  plug,  which  becoming  converted  into  charcoal  during  the 
operation,  is  rendered  sufficiently  porous  to  admit  of  the  passage  of 
the  vapour  of  zinc,  but  at  the  same  time  prevents  the  escape  of  the 
amall  coal  and  calcined  mii^eral.    Each  crucible  is  covered  with  a 
lid,  firmly  secured  in  its  place  by  a  lute  of  fire-clay,  and  the  distilled 
metal  is  condensed  in  the  tube,  t,  and  falls  in  the  form  of  drops  in 
the  vessel,  r,  placed  there  for  that  purpose.    As  these  tubes  are 
liable  to  become  choked  by  the  condensed  metal,  it  is  necessary  to 
dear  them  from  time  to  time  by  the  insertion  of  a  long  iron  rod, 
since  they  might  otherwise  become  entirely  closed,  and  thus  give 
rise  to  daiigerous  explosions.  The  zinc  collected  in  this  operation 
in  the  form  of  drops  and  very  fine  powder,  mixed  with  a  certain 
portion  of  oxide,  is  afberwards  melted  in  a  hu^e  iron  pot,  set  in 
brick-work,  and  heated  by  a  fire  beneath.  The  dross  which  collected 
on  the  surface  of  the  fused  metal  is  skimmed  off  and  returned  into 
the  crocibles  in  a  succeeding  operation,  whilst  the  zinc  itself  is  cast 
into  rectangular  bars  or  ingots,  in  which  state  it  is  sent  into  the 
market.    Five  distillations  may  be  made  by  a  ^imace  of  this  kind 
in  fourteen  days,  in  the  course  of  which  from  8  to  10  tons  of  roasted 
ore  are  treated,  and  from  20  to  25  tons  of  coals  consumed.     The 
metal  obtained  commonly  amounts  to  from  35  to  40  per  cent. 
of  the  ore  treated,  and  the  duration  of  each  crucible  may  be  calcu- 
lated at  about  four  months.     The  pots,  when  unfit  for  further 
service,  are  removed  through  apertures  made  in  the  surrounding 
brick-work.     Before  being  set,  they  are  heated  to  redness  in  a 
reverberatory  frimace,  and  carried  to  tbeir  places  by  a  pair  of  large 
iron  pincers,  slung  in  chains,  and  supported  by  a  land  of  overhead 
railway,  as  in  the  case  of  ordinary  glass-house  pots.     When  set  in 
their  places,  the  brick-work  is  repaired  and  a  cover  fitted  in  the 
usual  waj.     At  the  close  of  each  operation,  tbe  crucibles  are  dis- 
charged by  removing  from  the  bottom  the  condensing  pipe,  t,  and 
withdrawing  the  residue  through  the  aperture  af^r  breaJdng 
with  a  rake  the  piece  of  charcoal  by  which  it  was  closed  during  the 
process  of  distillation.     The  metallurgy  of  zinc  in  this  country  is 
not,  however,  so  extensively  carried  on  as  formerly,  since,  from  the 
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large  importations  of  this  metal  wbich  amiiiaDy  take  place  from 
B^^um  and  Oermany,  its  price  has  become  so  reduced  aa  to  afford 
but  little  profit  to  the  British  mannfactarer. 


PB£PA]li.TIOir  OF  eiFC  AT  THI  TIEILUS  UOVTAQTCE, 

The  preparation  of  zinc  at  the  Yidlle  Montagne,  in  the  neigh- 
bourhood of  Liege,  is  minutely  described  by  Begnaolt  in  his 
Chimie  E16mentaire,  from  which  are  gathered  the  following  de- 
tails : — The  minerals  employed  are  the  silicate,  carbonate,  and  oxide 
of  zinc,  which  are  sometimes  compact  and  earthy,  and  at  others 
crystalline  and  nearly  pure.  The  gangue  is  almost  exdosivelj 
composed  of  clay,  which  occurs  in  the  form  of  amoiphous  masses^ 
occupying  cavities  in  the  middle  of  the  masses  of  calamine.  In 
order  that  this  may  become  softened  and  be  readily  removed,  the 
mineral  is  left  exposed  to  the  air  for  several  months  before  it  is 
employed,  by  which  treatment  the  greater  part  of  the  impurities 
becomes  detached  and  carried  away  by  the  rains.  Wh«i  very  im- 
pure, the  mineral  is  sometimes  washed  under  a  stream  of  water,  by 
which  the  clay  is  almost  entirely  removed.  At  this  establishment 
the  ore  is  divided  into  two  classes,  the  white  ore  and  the  red,  dis- 
tinguished both  by  their  appearance  and  their  chemical  composi- 
tion. The  second  of  these  contains  a  larger  amount  of  iron  l^ian 
the  first,  and  is  less  rich  in  zinc,  but  is  nevertheless  more  readily 
treated  than  the  whiter  variety. 

The  white  ore  contains,  on  an  average,  46  per  cent,  of  oxide  of 
zinc,  and  the  red  only  33.  The  peroxide  of  iron  contained  in  these 
two  ores  amounts  respectively  to  5  and  18  per  cent. 

The  mineral,  after  it  has  been  washed,  is  calcined  in  conical  kUna 
similar  to  those  employed  for  burning  lime.  The  ovens  in  which 
this  is  conducted  are  heated  by  two  lateral  fire-places,  covered  by 
an  arch  and  provided  with  a  flue,  which  is  divided  at  a  short  dis- 
tance £rom  the  hearth,  and  enters  the  kiln  by  twenty  diffident 
apertures,  arranged  at  regular  intervals  from  each  other.  Th^e 
openings  are  four  inches  square,  and  are  lined  with  fire-bricks.  At 
the  bottom  of  the  furnace  are  two  rectangular  openings,  designed 
for  the  removal  of  the  roasted  ore  after  having  passed  through  the 
higher  and  more  intensely  heated  parts  of  the  arrangement.  Two 
slabs  of  cast  iron,  inclined  at  an  angle  of  45%  divide  the  descending 
column  of  ore,  and  facilitate  its  removal  through  the  doors.  Hie 
ore  is  charged  by  the  mouth  of  the  fiirnace,  and  the  smaller  and 
larger  firagments  are  so  mixed  together  as  to  allow  a  sufficient  pas- 
sage for  the  heated  air  and  flame  entering  through  the  openii^s. 
By  this  treatment  the  mineral  loses  the  whole  of  its  water  and  the 
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larger  proportion  of  its  carbonic  acid.  The  loss  experienced  is  25 
per  cent.  The  fuel  employed  is  ordinary  pit  coal.  This  operation 
is  continaoos,  and,  in  proportion  as  the  roasted  ores  are  removed 
from  the  lower  part  of  the  cone,  fresh  mineral  is  introduced  by  the 
upper  opening,  around  which  is  a  platform,  where  a  supply  is 
constantly  kept  in  readiness. 

The  roasted  ore,  after  its  removal  from  the  kiln,  is  ground  under 
heavy  edge-runners,  sifted  through  very  fine  sieves,  and  sent  to  the 
furnace,  in  which  its  reduction  is  effected. 


168. 


164. 


The  reducing  apparatus  consists  of  four  distinct  furnaces  united 
in  one  mass  of  brick-work.  Each  of  these  has  the  form  of  an  arched 
recess,  a,  figs.  163  and  164,  whose  greatest  height  is  8  feet  8  inches 
above  the  surface  of  the  floor.  The  back  of  this  opening  is  composed 
of  a  brick  wall,  and  is  slightly  inclined  in  the  direction  ab;  the 
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fiice,  c  dy  i0,  on  the  contrary,  left  quite  open  for  the  introduction  of 
the  retorts.  The  fire-plaoe,  f,  is  placed  beneath  the  surface  of  the 
ground,  and  the  flame  and  heated  air  enter  the  interior  of  the  fur- 
nace through  four  apertures,  e.  In  the  arch  are  placed  two  sepa- 
rate flues,  e  G,  which  terminate  in  a  central  chimnej,  c,  divided 
into  four  compartments,  and  closed  bj  dampers,  d,  oorreBponding 
to  each  division.  In  each  of  these  funiaoes  are  placed  42  cylindri- 
cal retorts,  r,  closed  at  one  of  their  extremities,  and  made  of  refrac- 
tory clay.  These  are  3  feet  8  inches  in  length,  and  6  inches  in 
diameter  in  the  inside.  In  the  open  end  of  each  is  introduced  a 
conical  adapter  of  cast  iron,  o,  16  inches  in  length,  and  on  thia^ 
which  forms  the  mouth  of  the  condensers,  is  fitted  a  cone  of  wrou^t 
iron,  p,  of  which  the  smaller  end  does  not  exceed  an  inch  in  £a- 
meter.  The  earthen  retorts  are  placed  in  the  furnace  in  eight 
rows  raised  one  above  the  other,  and  with  this  view  the  back  wall 
of  the  oven,  a  b,  fig.  161,  is  fiimished  with  as  many  successive  steps 
or  projections,  on  which  are  supported  the  closed  ends  of  each  row 
of  tubes.  On  the  open  face  of  the  oven,  e  d,  are  arranged  eight 
plates  of  ca^  iron,  which  are  fastened  in  their  places  by  being  fixed 
in  the  masonry,  and  are  destined  for  the  support  of  the  outer  enda 
of  the  retorts,  to  which  are  attached  the  adapters  already  described. 
The  height  of  the  steps  at  the  back  of  the  oven,  and  that  of  the 
iron  plates  in  front  of  the  opening,  is  so  arranged  as  to  give  to  the 
retorts  a  slight  and  r^ular  inclination  downwards,  by  which  both 
the  distillation  of  the  metal  and  the  removal  of  the  residual  matters 
are  much  facilitated.  During  two  months  the  firing  of  a  furnace  of 
this  description  is  confdnued  without  intermission;  but  at  the 
expiration  of  that  time  it  is  commonly  found  necessary  to  allow  it 
to  go  out,  in  order  to  repair  its  internal  lining.  When  a  new  fur- 
nace, or  one  which  has  been  recently  repaired,  is  first  lighted,  the 
open  face  of  the  arched  cavity,  a,  is  closely  built  up  with  bricks  or 
fragments  of  broken  retorts,  after  which  the  temperature  is  very 
gradually  raised  tmtil  a  white  heat  has  been  attained.  At  the  end 
of  four  days  the  furnace  is  considered,  under  ordinary  ciienm- 
stances,  sufficiently  heated,  and  the  refiuctory  tubes  are  &en  sepa- 
rately introduced  into  their  respective  places.  For  this  purpose, 
the  temp<»rary  stopping  of  bricks  and  broken  retorta  is  gradually 
removed,  and  the  tubes,  which  have  been  previously  heated  to  red- 
ness in  a  fiimaoe  specially  employed  for  that  purpose,  are  intro- 
duced into  their  places.  Tlie  interstices  existing  between  the 
different  tubes  are  now  closed  with  fire-day,  so  as  to  make  good 
the  front  of  the  oven,  and  the  cast  and  wrought  iron  adapters  are 
secured  in  their  places  with  a  luting  of  the  same  material. 

When  the  retoi^  are  thus  arranged  in  the  oven,  a  small  charge 
of  powdered  ore  and  charcoal  is  at  &rst  introduced :  these  are  sue- 
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oessively  increased  until,  at  the  expiration  of  three  or  four  days, 
the  apparatus  has  got  into  a  regular  way  of  working.  At  this 
point  we  will  first  investigate  the  operation  of  the  apparatus.  The 
mineral  is  hrought  to  the  furnace  in  wooden  hoxes,  where  it  is 
mixed  with  fine  coal  sHghtly  moistened  with  water.  The  charge 
of  each  oTen  consists  of  llOOlhs.  of  calcined  calamine  and  5501bs. 
of  a  bituminous  coal,  which  has  been  previously  reduced  to  the 
state  of  a  fine  powder.  These  substances  are  intimately  mixed 
together  before  being  introduced  into  the  retorts.  Before  charging 
the  tubes,  the  residue  remaining  from  the  preceding  operation  must 
be  carefully  withdrawn,  and  the  inside  of  each  retort,  as  well  as  of 
the  iron  adapters,  be  thoroughly  cleaned  with  a  small  iron  scraper. 
The  charging,  which  usually  commences  at  6  o'clock  in  the 
morning,  begins  with  the  lower  tubes.  The  mixture  of  ore  and  coal 
18  introduced  by  the  aid  of  a  semi-cylindrical  shovel  attached  to 
an  iron  rod  as  a  handle ;  and  as  soon  as  the  charging  is  termi- 
nated, the  fire  is  increased  bv  raisiug  the  damper  on  the  top  of  the 
chimney  and  the  addition  of  a  fresh  supply  of  fiiel.  After  a  short 
time,  large  quantities  of  carbonic  oxide  gas  are  evolved,  which 
boms  with  a  blue  flame  at  the  openings  of  the  iron  adapters.  At 
the  expiration  of  a  further  period,  the  brilliancy  of  the  combustion 
18  considerably  increased,  and  the  flame  at  the  same  time  assumes 
a  greenish-white  tint,  with  the  evolution  of  copious  white  fumes. 
The  distillation  of  the  metal  now  b^ins,  and  the  conical  tube  of 
wrought  iron  is  luted  on.  At  this  point  the  greatest  care  is  requi- 
site, in  order  to  so  conduct  the  fire  that  the  heat  of  the  tubes  in 
every  part  of  the  ftimace  may  be  as  nearly  as  possible  equal ;  but, 
in  spite  of  every  precaution,  those  in  the  higher  rows  are  invariably 
less  heated  than  the  others,  and  are  consequently  only  charged  with 
such  ores  as  are  most  easy  of  reduction. 

With  this  view,  the  retorts  in  the  higher  parts  of  the  furnace  are 
charged  with  the  red  variety  of  ore  containing  much  iron,  whilst 
the  lower  series  is  supphed  with  the  whiter  and  more  refractory 
kind.  At  the  expiration  of  two  hours,  the  workman  removes  the 
wrought  iron  adapter  with  a  proper  tongs,  and  strikes  it  sharply 
above  a  vessel  in  which  is  collected  the  oxide  of  zinc  or  cadmie,  which 
is  detached  and  reserved  to  be  added  to  the  mixture  of  ore  and 
powdered  coal  in  a  future  operation.  When  this  has  been  done,  an 
assistant  holds  a  large  iron  ladle,  called  a  poelon,  under  the  beak  of 
each  retort,  at  the  same  time  that  the  foreman  draws  out  into  it 
with  an  iron  scraper  the  distilled  zinc,  which  accumulates  in  the 
liquid  state  at  the  shoulder  formed  by  the  jxmction  of  the  clay  and 
cast  iron  tubes.  He  also  detaches  with  his  rake  the  metal  which 
has  condensed  in  the  form  of  drops  on  the  insidQ  of  the  iron  cone. 
The  liquid  zinc  thus  collected  in  the  potion  is  covered  by  a  scum 
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principally  consisting  of  oxide  of  zinc,  and  wliich  is  removed  he&xn 
pouring  the  metal  into  moulds,  where  it  reodves  the  form  of  rec- 
tangular flat  ingots,  weighing  from  751hs.  to  851bs.  each.  When 
these  operations  are  completed,  the  sheet  iron  cone  is  again  luted 
on,  and,  after  firing  continuously  for  two  more  hours,  another  t^>- 
ping  is  made  in  the  same  way,  and  a  further  supply  of  liquid  zinc 
obtained.  These  manipulations  are  repeated  at  intervals  of  two 
hours  until  ^ve  o'clock  in  the  evening,  when  the  distiUation  ia 
commonly  terminated. 

The  tubes  are  now  cleaned  out,  and  entirely  fireed  finom  any 
earthy  residue,  so  as  to  be  ready  to  receive  the  second  charge,  to 
which  has  been  added  the  oxide  of  zinc  formed  during  the  progress 
of  the  preceding  operation.  In  this  way  two  chaiges  of  the  fornaoe 
are  worked  off  in  twenty-four  hours,  which  together  furnish  aboat 
6201b6.  of  metallic  zinc,  and  from  30  to  451b6.  of  more  or  l»s 
oxidised  granules.  Calamine,  when  thus  treated,  yields  about  30 
per  cent,  of  metal,  and  retains  about  10  per  cent,  in  the  reeidiie 
subsequently  removed  from  the  retorts.  The  zinc  which  is  re- 
tained in  the  residue  exists  in  the  form  of  silicate  of  the  oxide  of 
that  metal,  which  is  not  to  be  reduced  at  any  temperature  by  iho 
action  of  charcoal  alone. 

A  large  proportion  of  the  zinc  annually  produced  is  employed 
in  the  form  of  thin  sheets.  For  this  purpose  it  is  necessary  to 
again  melt  the  ingots,  directly  obtained  by  the  treatment  of  tiie 
ores,  as  above  described.  This  is  effected  in  a  reverberatory  fur- 
nace with  an  elliptical  hearth,  having  a  slight  inclination  towards 
one  side.  At  the  lowest  point  of  the  sole,  which  is  made  of  refirac- 
tory  clay,  is  placed  an  hemispherical  reservoir,  in  which  the  fused 
metal  is  collected,  and  the  ineots  to  be  remelted  are  introduced 
through  one  of  the  doors  and  piled  near  the  fire-bridge  on  the 
highest  part  of  the  hearth.  The  melted  zinc  is  dipped  out  of  the 
sunk  reservoir  with  iron  ladles,  and  poured  into  moulds  of  various 
dimensions  in  forms  convenient  for  the  purpose  of  rolling  into 
sheets.  These  plates  are  subsequently  reheated  in  a  second  furnace 
biiilt  in  the  same  mass  of  brick-work  as  the  first,  and  which  is 
merely  heated  by  the  waste  gases  escaping  from  it.  Here  they  are 
elevated  to  a  temperature  not  much  exceeding  212^,  and  are  then 
passed  through  the  rolling  mill,  by  which  they  become  reduced  to 
the  form  of  leaves,  havii^g  various  degrees  of  thickness. 


SILESIAK  METHOD  OF  ZIKO-BHEI/nKG. 

In  Upper  Silesia,  where  large  quantities  of  zinc  are  annuallj 
produced,  the  i^paratus  employed  in  its  metallurgic  treatment 
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differs  materially  from  that  in  use  at  the  Yieille  Montagne  and 
in  other  parts  of  Belgium.  Fig.  165  gives  a  general  idea  of  the 
appearance  of  a  Silesian  zinc  Airnace.  The  distillation  is  conducted 
in  mufflcHshaped  retorts,  b,  figs.  166  and  167,  of  about  3  feet  6 
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inches  in  length,  and  1  foot  8  inches  in  height.  The  anterior  face 
of  these  is  pierced  with  two  openings,  a  and  d,  by  the  first  of  which 
is  attached  an  earthen  tube,  ab  Cy  bent  at  right  angles  through 
which  the  reduced  metal  is  subHmed ;  whilst  the  second,  which 
serves  for  the  withdrawal  of  the  fixed  residue,  is  closed  by  a  stop- 
per of  baked  clay,  and  securely  luted.  The  muffles  are  made  in 
moulds,  and  composed  of  a  mixture  of  well-kneaded  fire-clay  and 
finely  ground  potsherds.  The  metaUic  zinc  is  collected  either  in 
small  cast  iron  pans  or  in  vessels  of  baked  clay. 

From  six  to  ten  of  these  retorts  are  symmetrically  placed  in  two 
rows  on  either  side  of  the  central  hearth,  and  are  introduced  into 
the  laboratory  of  the  furnace  through  arched  apertures  left  in  the 
brick-work  of  its  sides  for  that  purpose.  These  openings  are  sub- 
sequently closed  by  iron  plates  so  placed  as  to  prevent  the  too 
rapid  cooling  of  the  bent  arms,  a  b  c,  whilst  the  aperture,  b, 
through  which  the  charge  is  introduced,  is  readily  accessible  by  a 
smaller  door,  e,  turning  on  hinges,  and  provided  with  a  spring 
fistening.  The  fuel  consumed  on  the  grate,  p,  is  pit  coal,  and  the 
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retorfcs  are  charged  with  a  mixtnire  of  equal  YolmneB  of  roasted 
calamine  and  the  fine  cinders  which  have  fallen  through  the  gnte. 
These  are  for  this  purpose  preferred  to  powdered  pit  coal,  because 
the  latter  is,  from  the  quantit7  of  tanj  matter  evolved,  liable  to 
cause  the  obstruction  of  the  tube,  a  6  e,  and  consequently,  an 
interruption  of  the  operation. 

The  calamine,  which  is  introduced  in  pieces  of  the  size  of  a  pea, 
is  roasted  in  a  large  reverberatorj  furnace  with  a  low  roof:  this 
may  be  either  heated  by  a  separate  fire  of  pit  coal,  or  by  the  gases 
escaping  from  the  apparatus  in  which  the  reduction  of  the  roasted 
ore  is  effected.  When  a  newly-erected  frimace  is  first  lighted, 
great  care  is  necessary  to  prevent  the  cracking  of  the  retorts  and 
the  too  great  expansion  of  the  surrounding  brick-work.  During 
the  first  two  days  the  fire  is  applied  under  the  grating,  and  the 
heat  is  gradually  raised  to  redness :  after  this,  the  fuel  is  placed  on 
the  grate  itself,  and,  at  the  expiration  of  from  eight  to  ten  days 
from  lighting  the  fire,  the  retorts  are  found  ready  for  charging. 
The  reduced  zinc  passes  through  the  aperture,  e,  of  the  bent  arm, 
and  is  collected  in  proper  vessels  placed  in  the  openings,  o,  left  in 
the  brick-work  of  the  fUmace.  Each  operation  requires  twenty-four 
hours  for  its  completion,  and  the  residue,  which  is  a  greenish 
semi-fiised  mass,  is  only  removed  after  every  third  distillation. 

Besides  being  largely  employed  in  the  manufkcture  of 'brass, 
this  metal  is  extensively  used  for  making  baths,  water-tanks, 
spouts,  pipes,  plates  for  the  en^ver,  for  galvanic  batteries,  for 
covering  sheet-iron  (galvanised  iron),  roofing,  and  a  great  variety 
of  other  purposes,  among  which  may  be  mentioned  plates  for  the 
zincographer,  the  manufacture  of  white  oxide  of  zinc,  &c. 
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BISMUTH. 

Equiv.  =  70-96.    Density  =  9-8. 

Bismuth  possesses  a  white-grey  colour,  but  at  the  same  time  pre- 
sents a  distinctly  red  tint  when  compared  with  zinc,  antimony,  or 
one  of  the  whiter  metals.  It  is  brittle,  and  consequently  cannot 
be  drawn  out  under  the  hammer,  and  when  broken  presents  a 
highly  crystalline  fracture.  Very  beautiful  crystals  of  this  metal 
are  readily  obtained  by  fusing  a  considerable  quantity  in  an 
earthen  crucible,  and  afterwards  setting  it  aside  and  allowing  it 
to  cool  very  gradually.  For  this  purpose  the  ladle  or  crucible  in 
which  the  fusion  has  been  effected  should  be  removed  from  the 
fire  to  a  sand-bath,  and  covered  with  a  hot  iron  plate  on  which  are 
placed  a  few  pieces  of  ignited  charcoal.  At  the  expiration  of  a 
certain  time,  the  external  crust  of  solidified  metal  is  pierced  with 
a  hot  iron,  and  the  interior  portions,  which  still  retam  the  liquid 
form,  are  rapidly  poured  out. 

The  upper  crust  is  now  removed,  and  beautiful  crystals  of  bis- 
mul^  are  found  coating  the  sides  of  the  vessel.  These  are  in  the 
form  of  cubes,  or  hollow  tetrahedrons,  and  from  a  slight  covering 
of  oxide  varying  in  its  thickness,  assume  very  beautiM  prismatic 
colours. 

Conunercial  bismuth  is  never  absolutely  pure,  but  as  the  other 
metals  with  which  it  is  associated  are  commonly  more  oxidisable 
than  itself,  it  may  in  a  great  d^ee  be  separated  from  them  by 
fusing  the  powdered  alloy  in  an  earthen  crucible,  with  one-tenth 
part  of  its  weight  of  nitrate  of  potash.  On  heating  this  mixture 
until  the  nitre  has  been  completely  decomposed,  a  portion  of  the 
bismuth,  together  with  the  major  part  of  the  impurities,  will  have 
been  oxidised,  and  remain  in  combination  with  the  potash,  whilst 
a  button  of  purified  bismuth  collects  in  the  bottom  of  the  crucible. 
When  an  absolutely  pure  specimen  is  required,  it  can  be  prepared 
by  fusing  together  a  mixture  of  subnitrate  of  bismuth  and  black 
flux. 

This  metal  fuses  at  a  temperature  of  476^  Fah.  It  is  vola- 
tile at  a  high  heat,  and  may  be  distilled.  Bismuth  is  placed 
by  Faraday  at  the  head  of  diamagnetic  substances  ;  it  transmits 
heat  less  readily  than  most  other  metals.    At  a  white  heat, 
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bismuih  boilsy  and  ii  sublimed,  and  at  this  temperafeoie  is 
stated  by  Begnault  to  decompose  tbe  vapour  of  water ;  it  is  not 
affected  by  exposure  to  dry  air,  but  when  placed  in  a  humid 
atmosphere  gradually  becomes  covered  with  a  thin  pellicle  of 
oxide.  When  strongly  heated  in  air,  bismuth  bums  with  a  Uuiah 
flame,  and  gives  off  fumes  of  a  light  yellow  colour. 

It  does  not  decompose  water  in  presence  of  the  stronger  adds, 
and  is  attacked  with  difficulty  by  concentrated  hydrochloric  acid. 
Sulphuric  acid,  unless  concentrated  and  hot,  does  not  attack  ^ 
and  in  this  case  sulphurous  acid  is  evolved.  Nitric  acid  attacks  it 
with  great  facility  with  the  formation  of  soluble  nitrate  of  bismuth. 

0BB8  OF  BISMUTH. 

Bismuth  occurs  native,  and  also  in  combination  with  sulphur, 
oxygen,  silica,  and  tellurium.  Its  ores  readily  fuse  before  the 
blowpipe,  and  in  the  oxidising  flame  afford  an  oxide  by  which  the 
charcoal  support  is  stained  of  a  brownish-yellow  colour. 

ifaiiTe  BiMuuki  Bismuthnoitf;  Oediegen  WwrmUh :  dystalliflee 
in  the  cubic  system  but  is  also  found  massive,  granular,  roticulated, 
and  arborescent.  Colour  silver-white,  inclining  to  red ;  lustre 
metallic,  and  streak  unchanged.  Cleavage  parallel  to  the  &oes  of 
the  octahedron.  Frequently  contains  small  quantities  of  anenic, 
and  is  often  assodal^  with  silver,  and  sometmies  with  iron. 

Native  bismuth  accompanies  various  ores  of  silver,  lead,  zinc, 
cobalt,  and  nickel,  and  usually  occurs  in  veins  traversing  either 
gneiss  or  clay-slate.  Its  principal  localities  are  the  silver  and 
cobalt  mines  of  Saxonv  and  Bohemia^  Altenberg,  Schneeberg, 
Annaberg,  Joachimsthal,  and  Johanngeorgenstadt.  It  is  likewise 
found  at  Bieber,  in  the  principaliiy  of  Hanau,  at  Loling  in 
Carinthia,  and  at  Fahlun  in  Sweden.  Native  bismuth  also  occurs 
at  Huel  Spamon,  near  Bedruth  in  Cornwall,  at  Caldbeckfell  in  Cum- 
berland, and  near  Alloa  in  the  county  of  Stirling.  Native  bismuth 
supplies  nearly  the  whole  of  this  metal  which  is  employed  in  the 
arts  ;  the  greater  portion  is  derived  from  the  mines  of  Schneebei;g 
ill  Saxony,  where  it  is  found  associated  with  the  ores  of  cobalt. 

Bismuth  is  also  found  in  combination  with  other  bodies,  but 
these  compounds  are  by  no  means  of  common  occurrence. 

Sulphide  of  Bismuth  occurs  in  Cumberland,  Cornwall,  Saxony, 
and  Sweden.  It  is  found  both  in  the  massive  state  and  in  the 
form  of  acicular  crystals,  and  is  composed  of  Bismuth  81*3,  Sul- 
phur 18*7.  This  is  a  rare  minerai^  although  its  localities  aro 
comparatively  numerous. 

Bismuth  Blende  is  a  silicate  of  bismuth  which  oocxcrs  in  minute 
dodecahedral  crystals  of  a  dark  hair-brown  or  wax-ydlow  colour. 
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Its  general  appearance  is  that  of  implanted  globules,  which  rarely 
exceed  the  size  of  a  pin's  head.  This  mineral,  which  occurs  at 
Sdmeebei^  in  Saxony,  is  composed  of  oxide  of  bismuth,  58*8 ; 
silica^  23'8 ;  arsenic  acid,  2*2 ;  gangue,  9*1 ;  arsenic,  cobalt,  copper, 
and  iron,  5*9. 

Acieuiar  Bismuth  is  a  sulphide  of  bismuth,  copper,  and  lead, 
which  occurs  in  the  mine  of  Klutsche£&ky,  near  Beresof,  in 
Siberia;  it  is  found  in  acieuiar  crystals  of  a  yellowish-white 
colonr,  and  contains  from  34  to  43  per  cent,  of  bismuth. 

TdradymiU  is  a  compound  of  tellurium  and  bismuth,  and 
occurs  in  Sweden  and  Brazil. 

Oxide  of  Bismuth  occurs  as  a  pulverulent  coating  on  some  of  the 
other  ores  of  this  metd ;  it  is  found  in  Bohemia,  Siberia,  and  at 
St.  Agnes,  in  Cornwall.  It  is  of  a  yellowish-green  colour,  and 
contains  86  per  cent,  of  that  metal. 

Carbonate  of  Bismuth. — ^This  mineral  also  occurs  at  St.  Agnes, 
and  at  Johanngeorgenstadt ;  it  is  a  straw-coloured  compound, 
with  an  irregular  conchoidal  fracture.  Its  composition  has  not 
been  satisfactorily  determined. 


SSTIHATIOir  OF  BISMUTH. — SEFABA.TIOK  FBOM  OTHXB  MXTAL8. 

This  metal,  which  for  the  purpose  of  analysis  must  be  attacked  by 
nitric  acid,  is  precipitated  from  its  solution  in  the  form  of  protoxide 
of  bismuth,  BiO,  which,  after  being  calcined  in  a  small  porcelsun 
crucible,  and  weighed,  its  equivalent  in  metallic  bismuth  is  deduced 
by  calculation.^  This  operation  must  never  be  attempted  in  a  plati- 
num, crucible,  as  the  oxide  of  bismuth  is  liable  to  attack  that  metal, 
should  any  metallic  bismuth  be  liberated  through  the  presence  of 
traces  of  organic  matter.  The  filter  from  wfuch  the  oxide  has 
been  detached  is  burnt  in  another  capsule,  treated  with  a  little 
nitric  acid,  and  strongly  ignited  for  the  purpose  of  decomposing 
the  nitrate  of  bismuth  formed. 

When,  as  is  commonly  the  case,  bismuth  is  found  associated 
with  other  metals,  like  ii»elf  precipitable  by  the  alkalies  and  their 
carbonates,  but  not  by  sulphuretted  hydrogen,  this  reagent  is 
employed  to  effect  their  separation. 

Suphuretted  hydrogen  is  also  had  recourse  to,  when  the  liquor 
holding  in  solution  the  salt  of  bismuth  contains  hydrochloric  acid, 
as  in  this  case  the  precipitate  obtained  by  the  carbonated  alkalies 
contains  a  portion  of  chloride  of  bismuth  extremely  difficult  to 
decompose  by  any  excess  of  the  precipitant. 

^  This  oxide  oantains  89*86  per  cent,  of  metallic  Usmath. 
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This  metal  is  likewise  sometimes  precipitated  in  the  form  of  a 
hlack  powder,  by  a  bar  of  iron  or  zinc  introduced  into  its  aolntion ; 
this  precipitate,  which  is  metallic  bismuth,  is  collected  on  a  filter, 
washed  with  hot  water,  and  subsequently  roasted  in  a  amaU 
porcelain  crucible.  Towards  the  close  of  the  operation  a  few  drope 
of  nitric  acid  are  added,  and  the  temperatiure  raised  for  the  piov 
pose  of  decomposing  the  nitrate  of  bismuth  formed :  the  bismuth 
IS  now  weight  in  the  form  of  oxide. 

Bismuth  is  separated  by  a  current  of  suphuretted  hydrogen 
gas  firom  all  the  metals  not  converted  into  sulphides  by  this  re- 
agent. The  separation  of  bismuth  firom  copper  is  best  obtained 
by  the  addition  of  carbonate  of  ammonia,  by  which  the  oxide  of 
copper  is  retained  in  solution,  whilst  the  oxide  of  bismuth  is  pre- 
cipitated. After  the  addition  of  carbonate  of  ammonia^  the  liquor 
should  be  allowed  to  stand  for  a  considerable  time  in  a  warm 
place,  as  the  bismuth  is  not  at  once  completely  deposited.  From 
lead  this  metal  is  separated  by  adding  to  their  solution  in  nitric 
acid,  sulphuric  acid  in  excess  ;  the  liquid  is  then  evaporated  until 
vapours  of  sulphuric  acid  begin  to  be  evolved,  when  the  sulphate 
of  bismuth  is  dissolved  in  distilled  water,  and  the  insoluble  sul- 
phate of  lead  separated  by  filtration.  Bismuth  is  separated  firom 
tin  and  antimony  by  treating  the  recently  precipitated  sulphide 
with  sulphide  of  ammonium,  containing  an  excess  of  sulphur. 

By  this  means  the  sulphides  of  tin  and  antimony  become  dis- 
solved, whilst  the  sulphide  of  bismuth  remains  as  a  precipitate. 
The  separation  of  bismuth  firom  cadmium  has  not  as  yet  been 
satisfactorily  effected. 

Ajm^j  •£  the  Oms  mt  Binnnth. — ^The  assay  of  the  ores  of  bismuth 
is  conducted  precisely  like  those  of  the  oxidised  ores  of  lead. 
When  the  substance  operated  on  contains  metallic  bismuth,  no 
reducing  flux  is  theoretically  required,  b.ut  as  there  is,  in  almost 
all  cases,  a  portion  of  oxide  present,  a  little  powdered  charcoal 
should  invariably  be  added.  On  account  of  the  volatility  of  this 
metal,  it  is  of  importance  that  a  readily  fiisible  slag  should  be 
obtained,  and  for  this  purpose  lai^e  quanfeties,  either  of  carbonate 
of  soda,  charcoal  and  borax,  or  of  borax  and  black  flux,  should  be 
employed. 

METALLUBGY  OP  BISMITTH. 

The  bismuth  of  commerce  is  almost  exclusively  obtained  firom 
the  native  metal,  which  is  chiefly  procured  for  tins  purpose  firom 
the  mines  of  Schneeberg,  in  Saxony.  The  metallurgic  treatment  of 
these  ores  is  extremely  simple,  as  it  is  sufficient  to  heat  them  in 
closed  vessels,  by  which  the  metal  becomes  fused,  and  flows  out 
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into  proper  receivers,  whilst  the  g^angue  and  infusible  impurities 
remain  behind. 

At  Schneeberg,  the  liquation  takes  place  in  cast  iron  retorts, 
a  6,  fig.  168,  which  are  set  in  an  inclined  position  in  a  brick  fur- 
nace, A,  provided  with  a  grate  at  g,  for  the  support  of  the  fuel 
employed.  The  minerals  treated  are  sorted  by  hand,  broken  into 
pieces  of  the  size  of  a  hazel-nut,  and  separated  as  much  as  possible 
from  the  associated  gangue.     The  charge  of  each  pipe  consists  of 


168. 

about  561bs.  of  broken  ore,  which  is  introduced  at  a,  and  occupies 
three-fourths  of  its  length,  and  rather  more  than  one-half  its 
diameter.  The  sheet  iron  door  is  now  shut,  and  when  the  whole 
of  the  tubes  in  the  series  have  been  charged  in  the  same  way,  the 
fire  is  strongly  urged:  the  liquid  metal  soon  begins  to  flow 
through  the  apertures,  6,  lefb  in  the  clay  plates,  by  which  the  lower 
ends  of  the  tubes  are  partially  closed,  and  falls  into  the  small 
earthen  pots,  c,  kept  slightly  heated  by  a  few  pieces  of  ignited 
charcoal,  introduced  into  a^ace  lefb  beneath  them  for  that  pur- 
pose. Whenever  it  ceases  to  run  freely,  au  iron  rod  is  inserted 
through  the  aperture,  6,  and  the  ore  is  moved  about  in  the  retort, 
in  order  to  remove  the  obstruction. 

The  fuel  consumed  is  wood,  and  each  operation  usually  requires 
about  half  an  hour  for  its  completion. 

As  soon  as  the  flow  of  metdi  has  entirely  ceased,  the  residuum 
is  scooped  out  with  iron  rakes,  into  the  water  trough,  f,  and  a  fresh 
charge  of  mineral  at  once  introduced  into  the  pipes.  The  contents 
of  the  pots,  c,  are,  when  filled,  dipped  out  with  iron  ladles,  and  cast 
into  ingots  varying  in  weight  from  25  to  50  lbs. 

By  this  apparatus  20  cwts.  of  ore  are  smelted  in  eight  hours, 
with  a  consumption  of  63  Leipzic  cubic  feet  of  wood. 
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The  total  annofd  production  of  this  mine  amoants  to  alxrat 
10,000  pounds.  The  bismuth  thus  directly  obtained  by  lionataon 
is  never  quite  pure,  being  contaminated  by  variable  quantities  of 
arsenic,  iron,  and  some  other  metals,  from  which  it  is  freed  by  a 
second  fusion  with  one-tenth  of  its  weight  of  nitrate  of  potash. 

This  metal  enters  into  the  composition  of  some  of  the  best  kinds 
of  type,  and  has  the  property  of  imparting  to  it  a  dean  sharp 
face.  The  solder  employed  in  the  manufacture  of  pewter  ware» 
consists  of  1  part  of  bismuth,  5  of  lead,  and  3  of  tin.  Bismuth 
also  forms  one  of  the  ingredients  of  fusible  metal  <^  which,  as  toys^ 
spoons  are  made  which  melt  on  being  pat  into  a  cap  of  hot 
tea.  This  alloy  is  likewise  employed  on  the  Continent  in  making 
safety  plugs  for  steam  boilers,  which,  by  melting  at  a  certain 
temperature,  are  intended  to  prevent  their  explosion.  This  con- 
trivance is,  however,  found  in  practice  to  be  <^  little  value,  as  the 
expansive  force  causing  the  explosion  is  so  extremely  sadden  as 
not  to  allow  sufficient  time  for  the  safety  plugs  to  give  way.  An 
alloy  composed  of  2  parts  tin,  3  lead,  and  5  bismuth,  melts  at  a 
temperature  of  lOQ**  Fahr.  This  compound  is  used  in  making  some 
varieties  of  stereotype  plates,  and  for  various  ornamental  purposes. 
A  Bubnitrate  of  bismuth  is  used  by  ladies  as  a  cosmetic.  Pearl 
powder  is  a  similar  preparation,  obtained  by  dissolving  bismuth  in 
aqua  regia,  and  precipitating  by  water. 
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Eqniv.  =  129-3.    Density  =  6-70.  , 

Ajytimokt  is  a  brilliant  metal,  of  a  white  colour,  slightly  inclining 
to  blue.  It  ^es  at  a  temperature  of  about  800"^  Fahr.  and  con- 
tracts but  little  during  congelation. 

It  is  extremely  brittle,  and  possesses  a  strongly  crystalline  tex- 
ture, so  that  when  broken  it  e^bits  beautiful  facettes,  indications 
of  which  may  usually  be  observed  on  the  surface  of  the  cooled 
ingot.  It  is  slowly  but  distinctly  volatile  at  a  white  heat  in  a 
closed  vessel,  but  admits  of  being  distilled  with  tolerable  facility  in 
a  current  of  hydrogen  gas.  When  placed  on  a  piece  of  igmted 
charcoal  and  exposed  to  a  stream  of  oxygen  gas,  it  takes  fi^  and 
bums  with  great  brilliancy,  throwing  off  its  oxide  in  the  form  of  a 
yellowish-white  smoke,  possessed  of  a  peculiar  odour  somewhat 
resembling  that  of  arsenic. 

Antimony  is  not  sensibly  affected  by  exposure  to  the  air  at  ordi- 
nary temperatures,  but  is  rapidly  oxi£sed  when  exposed  to  it  in  a 
state  of  fusion.  When  fused  and  strongly  heated  antimony  is  allowed 
to  fall  on  the  ground  &om  a  certain  height,  combustion,  accom- 
panied by  the  production  of  a  thick  white  smoke,  immediately  takes 
place.     The  white  smoke  is  oxide  of  antimony. 

This  metal  seldom  occurs  in  commerce  in  a  state  of  purity,  but 
is  contaminated  with  variable  quantities  of  iron,  lead,  arsenic,  and 
sulphur.  To  separate  .these,  it  may,  afber  being  reduced  to  a  fine 
powder  in  an  iron  mortar,  be  intimately  mixed  with  one-tenth  of 
its  weight  of  nitre,  and  subsequently  fused  in  an  earthen  crucible. 

By  this  treatment,  the  impurities,  together  with  a  portion  of  the 
antimony,  become  oxidised,  and  on  breaking  the  vessel  after  having 
allowed  it  to  cool,  the  antimony  is  obtained  as  a  metallic  button, 
the  sur&ce  of  which  will  be  covered  with  a  fem-Hke  crystallisation. 
The  purification  of  this  metal  may  likewise  be  effected  by  fusing  it 
when  in  a  finely  divided  state  with  a  small  quantity  of  its  oxide. 
The  fineness  of  the  grain  of  metallic  antimony  is  regarded  as  an 
indication  of  its  purity. 

When  in  a  state  of  fine  division,  antimony  is  attacked  by  hydro- 
chloric acid  with  the  evolution  of  hydrogen  gas,  but  it  has  not  the 
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property  of  decomposing  water  acidulated  with  sulpbtnic  add. 
When  attacked  by  hot  concentrated  sulphuric  acid,  it  becomes 
oxidised  with  evolution  of  sulphurous  acid  gas.  !Miiaric  acid  eren 
when  diluted  with  water,  attacks  antimony  with  great  fieudlity,  and 
transforms  it  into  an  insoluble  white  precipitate  of  antiinomc 
acid,  SbOf.  Aqua  regia  readily  attacks  antimony,  and  gives  lise 
to  the  formation  of  a  chloride  which  is  readily  soluble  in  an  excess 
of  hydrochloric  acid. 

Specimens  of  native  antimony  have  been  found  in  Sweden, 
France,  and  Germany. 

OSES  OF  AlTTIMOlfT. 

Antimony,  although  occasionally  found  in  a  native  state,  is 
usually  combined  with  sulphur,  and  often  associated  with  galena. 
It  also  exists  in  combination  with  oxygen  and  arsenic ;  but  the 
sulphide  is  the  only  mineral  which  can  be  considered  as  an  ore  of 
antimony. 

Native  antimony  crystallises  in  forms  derived  from  the  rhombo- 
hedron,  and  is  often  associated  with  small  quantities  of  iron  and 
silver. 

Oxid«  •r  AMMmmmj  $  Anttmoine  oxyde  ;  Weisspiesglaserz, — 
This  mineral,  which  is  of  comparatively  rare  occurrence,  is  gene- 
rally found  either  in  acicular  rhombic  prisms,  or  in  rectangular 
plates,  having  two  lateral  faces  inclined  at  an  angle  of  136*  58^. 
Its  colotur  is  either  snow-white,  pink,  or  ash-grey.  The  cleavage 
is  in  two  directions  parallel  to  the  lateral  faces  of  the  plates,  and 
is  well-defined  and  readily  obtained.  The  streak  is  white,  and 
lustre  adamantine,  shining  and  pearly.  Specific  gravity^  =  5'56. 
The  analysis  of  this  mineral  has  afforded  to  Vauquelin  the  fol- 
lowing results : — 

Oxide  of  antimony 860 

Oxide  of  iron 3*0 

Silica 80 

970 

According  to  Berzelius,  it  is  pure  oxide  of  antimony,  oompooed 
of  84'82  pMrts  of  antimony  and  15*86  of  oxygen.  It  is  extrandy 
fusible,  and  melts  in  the  fiame  of  a  candle. 

This  substance,  which  is  rare,  and  consequanidy  of  little  metal- 
lurgic  importance,  is  found  in  small  quantities  in  veins  travening 
the  primitive  rocks,  at  Przibram,  in  Bohemia ;  at  Braiinadorf,  near 
Treybei^,  in  Saxony ;  at  Malaczka,  in  Hungary;  and  in  some  other 
continental  localities. 
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imfAmttmmmn  ArUimoine  sulfurS ;  QrauspmgUuerz. — 
This  substance,  which  is  the  only  mineral  sufficiently  abundant 
to  be  regarded  as  an  ore  of  antimony,  crystallises  in  forms  derived 
from  the  right  rhombic  prism,  and  is  of  a  lead  or  steel-grey  colour, 
which  is  liable  to  tarnish  from  exposure. 

The  cleavage,  which  is  parallel  to  the  shorter  diagonal,  is  highly 
perfect.  The  crystals  are  commonly  divergent,  columnar,  or  fibrous. 
It  also  occurs  in  granular  amorphous  masses.  Its  specific  gravity 
▼aries  from  4*50  to  4*62 ;  its  streak  has  the  same  colour  as  the 
mineral  itself,  and  on  being  heated  on  charcoal  before  the  blow- 
pipe, abundant  white  fumes  and  an  odour  of  sulphur  are  evolved. 

This  substance,  which  is  commonly  associated  with  iron,  zinc, 
lead,  silver,  quartz,  and  sulphate  of  baryta,  occurs  in  veins  traversing 
various  primitive  and  transition  formations.  Its  most  celebrated 
localities  are,  Fekobanya,  and  Schemnitz,  in  Hungary ;  Stol- 
berg,  in  the  Hartz ;  and  Auvergne  and  Dauphiny,  in  France. 
Mines  of  sulphide  of  antimony  have  also  been  worked  in  different 
localities  in  Spain  and  in  the  south-western  part  of  the  county  of 
Cornwall. 

The  composition  of  this  mineral  is,  according  to  Thomson, — 

Antimony 7280 

Sulphur 27-20 

10000 

These  results  indicate  that  it  is  a  tersulphide  corresponding 
to  the  formula  SbS}.  The  other  minerals  containing  antimony, 
although  rather  numerous,  do  not  occur  in  sufficient  abundance  to 
admit  of  being  treated  for  the  metal  they  afford. 

ZSTIKATIOir  OF  AHTIHOlfY — 8SPABATI0K   FBOM  OTHEB   METAXS. 

From  the  difficulty  experienced  in  the  preparation  of  perfectly 
pure  antimonious  and  antimonio  acids,  this  metal  can  seldom  be 
determined  with  sufficient  accuracy  under  these  forms,  and  is 
therefore  more  fi:equently  estimated  either  by  difference  or  weighed 
in  the  metallic  state. 

Tlie  precipitation  of  antimony  from  its  solutions  is,  in  most 
instances,  effected  by  a  currrent  of  sulphuretted  hydrogen  gas,a  suffi- 
cient amount  of  tartaric  acid  having  been  previously  added  to  the 
liquor  to  prevent  the  formation  of  any  turbidity  on  the  addition  of 
distilled  water.  In  some  instances  in  which  the  presence  of  tar- 
taric acid  would  occasion  inconvenience  in  the  estimation  of  the 
other  metals  present,  hydrochloric  acid  is  made  use  of  for  the  same 
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purpose ;  but  in  this  case  the  results  obtained  are  considered  less 
satisfactoiy.  When  the  liquor  has  been  properly  acidified,  a  car- 
rent  of  sulphuretted  hydrogen  is  passed  through  it  until  it  acqiures 
a  strong  odour  of  that  gas,  when  it  is  digested  at  a  moderate  heat 
until  the  liquor  again  becomes  nearly  inodorous.  The  reason  for 
thus  expelling  the  excess  of  sulphuretted  hydrogen  is,  that  sulphide 
of  antimony  is  slightly  soluble  in  water  saturated  with  that  gas, 
and  it  consequently  follows  that  imless  this  precaution  were  attended 
to,  traces  of  the  metal  sought  would  still  remain  in  solution  along 
with  any  of  the  metallic  salts  not  decomposed  by  this  reagent.  The 
precipitate  by  sulphuretted  hydrogen  is  afterwards  collected  on  an 
accurately  weighed  filter,  and  dried  in  a  water-bath  at  a  tempera- 
ture of  212*  Fahr.  When  dry,  the  filter  and  its  contents  are  again 
weighed,  and  on  deducting  from  this  the  weight  of  the  filter  used, 
the  amount  of  sulphide  of  antimony  will  evidently  correspond  to 
the  difference. 

The  sulphide  of  antimony  thus  obtained  is  not,  howerer,  pure, 
but  invariably  contains  a  greater  or  less  excess  of  sulphur,  which 
renders  it  impossible  to  deduce  immediately  from  it  the  amount  (^ 
antimony  originally  present  in  the  substance  analysed. 

When  it  is  intended  to  estimate  the  metal  by  difference,  the  pre- 
cipitated sulphide  is  detached  as  carefully  as  possible  from  the 
filter,  and  placed  in  a  large  flask,  into  which  fuming  nitric  acid  is 
continuously  added,  drop  by  drop,  so  as  to  prevent  any  loss  which 
might  occur  through  the  too  energetic  action  of  the  acid  on  its  con- 
tents. More  nitric  acid  is  afterwards  added,  together  with  a  suffi- 
cient amount  of  hydrochloric  acid  to  completely  dissolve  the  whole 
of  the  antimony  present.  If  acid  of  less  strength  were  employed, 
or  aqua  regia  more  or  less  diluted  with  water,  there  would  be 
danger  of  the  formation  of  a  small  quantity  of  sulphuretted  hydro- 
gen gas,  which,  by  being  evolved  into  the  atmosphere,  escapes  the 
oxidising  influence  to  which  the  other  portions  are  subjected,  and 
vitiates  the  results  obtained.  When  the  precipitate  has  in  this  way 
been  entirely  dissolved,  a  solution  of  chloride  of  barium  is  added  to 
the  dilated  liquor  as  long  as  a  white  precipitate  is  obtained,  and 
from  the  weight  of  the  siSphate  of  baryta  formed  after  it  has  been 
properly  washed  and  calcined,  is  deducted  the  amoxmt  of  sulphur 
present  in  the  sulphide.^     The  weight  of  antimony  is  now  readily 

^  When  A  large  quantity  of  tartaric  acid  has  been  added  to  the  adlatioQ  pre- 
yioiis  to  the  introduction  of  the  chloride  of  barium,  the  sulphate  of  baryta  pre- 
cipitated will  be,  to  a  small  extent,  contaminated  with  the  tartrate  of  that  basev 
which  cannot  be  removed  even  by  a  protracted  washing.  This  tartrate,  during 
the  ignition  of  the  sulphate,  becomes  converted  into  cariMmate  of  baryta,  and  is 
readily  removed  by  digestion  in  dOute  hydrochloric  add.  The  resodoe,  on  being 
again  washed  and  caldned,  oonesponds  to  the  true  amount  of  sulphur  eaatained 
in  the  sulphide. 
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obtained  by  deducting  the  sulphur  thus  estimated  from  the  sul- 
phide originally  obtained. 

When  accurate  results  are  required,  it  is  necessary  to  make  due 
-allowance  for  the  quantity  of  sulphide  which  remains  attached  to 
the  filter  on  which  it  ia  collected ;  and  for  this  purpose  it  may  be 
either  agsun  weighed  after  its  removal,  and  the  calculation  made 
<fix>m  the  quantity  actually  attacked  by  nitric  acid,  or  the  filter 
may  be  burnt,  the  residue  estimated  as  antimonious  acid,  and  its 
equiyalent  in  metal  added  to  the  results  already  obtidned. 

When  it  is  desired  to  estimate  antimony  in  the  metallic  form, 
the  sulphide  is  heated  in  a  current  of  hydrogen  gas,  by  which  sul- 
phuretted hydrogen  is  formed,  and  the  metal,  in  a  finely-divided 
state,  remains.  For  this  purpose,  the  precipitated  sulphide  is 
introduced  either  into  a  small  porcelain  crucible,  having  a  hole  in 
the  cover,  through  which  a  glass  tube  conveying  the  gas  is  inserted, 
or  into  a  bulb  blown  in  a  tube  of  hard  glass,  connected  with  an 
apparatus  so  arranged  as  to  fiimish  a  current  of  dry  hydrogen. 
The  temperature  of  the  sulphide  is  afterwards  gradually  raised, 
«nd  the  current  of  gas  passed  until  white  vapours  cease  to  be  pro- 
duced on  presenting  at  the  extremity  of  the  tube  a  glass  rod 
dipped  in  liquid  ammonia.  When  the  reduction  is  effected  in  a 
porcelain  crucible,  the  action  of  the  current  of  hydrogen  is  conti- 
nued until  the  substance  ceases  to  lose  weight. 

To  separate  antimony  firom  the  other  metals,  advantage  is  some- 
times tdcen  of  its  insolubility  in  nitric  acid,  whilst  at  others  its 
precipitation  by  sulphuretted  hydrogen,  and  the  solubility  of  its 
sulplude  in  the  alkaline  sulphides,  are  the  properties  of  which 
advantage  is  taken  for  this  purpose.  When  an  alloy  of  antimony 
is  attacked  by  nitric  add,  the  antimonic  acid  produced  is  not 
quite  so  insolnble  in  that  menstruum  as  the  peroxide  of  tin,  and 
distinct  traces  of  oxide  of  antimony  will  consequently  be  retained 
in  solution.  This  method  of  separating  antimony  will,  however, 
be  sufficiently  exact  for  technological  purposes,  and  where  more 
accurate  results  are  required,  recourse  must  be  had  to  the  above- 
mentioned  properties  of  sulphuretted  hydrogen  gas  and  the  sul- 
phides of  the  alkaline  metals. 

The  separation  of  this  substance  firom  the  alkaline  and  earthy 
metals,  as  well  as  firom  the  alksdine  earths,  is  readily  effected  by 
passing  a  current  of  sulphuretted  hydrogen  through  their  solu- 
tions, to  "which  an  amount  of  tartaric  actd,  sufficient  to  prevent 
turbidity  on  dilution  with  water,  has  been  added. 

The  excess  of  sulphuretted  hydrogen  is  pubsequently  removed 
by  digestion  in  an  imperfectly  stopped  flask,  and  the  precipitate 
treated  as  above  described  for  the  determination  of  the  antimony 
which  it  contains. 
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To  separate  antimony  from  iron,  manganese,  chromhim,  nidLd^ 
cobalt,  and  zinc,  a  current  of  Bulphuretted  hydrogen  gas  is  passed 
through  their  aolutiona  acidulated  with  hydrochloric  acid.  As  has 
been  before  stated,  tartaric  acid  is  frequently  anployed  in  order  to 
prevent  the  precipitation  of  oxychloride  of  antimony  on  the  addi4 
tion  of  water  to  solutions  of  that  metaL  In  the  present  case,  how- 
ever, the  presence  of  tartaric  acid  prevents  the  total  precipitatiai 
of  the  associated  metals  by  the  ordinary  reagents — ammonia,  and 
the  alkaline  carbonates  employed  for  that  purpose ;  and  iheareiatey 
when  this  acid  is  employed,  it  becomes  neoessaxy  to  first  saturate 
the  filtrate  frt>m  sulphide  of  antimony  with  ammonia,  and  afterwaids 
to  precipitate  them  by  the  addition  of  sulphide  of  ammonium. 

The  separation  of  this  metal  firom  copper,  lead,  cadmium,  and 
bismuth,  is  effected  by  first  saturating  their  solutions  in  hydro- 
chloric acid,  with  ammonia,  and  subsequently  adding  to  supersata- 
ration  sulphide  of  ammonium  containing  a  huge  excess  of  sulphur.^ 
The  beaker  containing  this  mixture  is  now  covered  with  a  glass 
plate  and  digested  at  a  temperature  of  from  90*  to  110^  for  several 
hours.  By  this  treatment  the  sulphide  of  antimony  becomes  re- 
dissolved,  whilst  the  sulphides  of  the  other  metals  remain  in  the 
form  of  a  dense  precipitate.  This  is  afterwards  separated  by  fil- 
tration from  the  supernatant  liquid,  and  the  sulphide  of  antimoDy 
precipitated  from  the  filtrate  by  the  addition  of  weak  hydrochioric 
acid.  The  sulphide  of  antimony  thus  obtained  is  much  contand- 
cated  by  fri^e  sulphur,  the  amount  of  which  must  be  ascertained 
by  oxidation  with  strong  nitric  acid,  and  separation  in  the  form 
of  sulphate  of  baryta  of  the  sulphuric  acid  produced. 

From  the  numerous  analogies  existing  between  the  oompoimds 
of  tin  and  antimony,  the  separation  of  these  metals  from  each  o^er 
is  attended  with  considerable  difiiculty,  and  no  method  by  whidi 
this  can  be  accurately  effected  has  as  yet  been  discovered.  For 
the  purposes  of  the  metallurgic  chemist,  the  following  will,  how- 
ever, often  prove  sufficientiy  exact.  The  two  metals  are  di^hred 
in  aqua  regia  containing  an  access  of  hydrochloric  acid,  and  a  bar 
of  pure  tin  is  introduced  into  the  solution,  properly  diluted  by 
distilled  water.  The  liquor  is  now  kept  for  several  hours  at  a 
moderate  temperature,  and  the  antimony,  which  ¥rill  alone  be  pre- 
cipitated, is  deposited  in  the  form  of  a  dark  metallic  powder. 

ASSAY  OT  THI  OBES  OF  ASPmCOKT. 

From  the  fusibility  of  this  metal,  its  ores  admit  of  being  reduced 
at  a  very  moderate  heat.     For  the  purpose  of  assay,  the  ores  of 

^  When  tlie  lolntioii  oontainB  oopper,  milphid«  of  potanhnn  dioald  be  em|ilo7ed, 
aa  the  sulphide  of  that  metal  is  slightly  soluble  in  milphidft  of  i 
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antimony  may  be  divided  into  two  classes :  the  first  of  these  com- 
prehends all  those  compounds  in  which  the  metal  is  combined 
with  either  o^gen  or  chlorine,  and  in  which  Httle  or  no  sulphur 
is  present.  The  second  consists  of  the  native  sulphide  of  anti- 
mony, and  all  other  antimonial  compounds  containing  large  quan- 
tities of  sulphur. 

1st.  All  the  substances  belonging  to  this  division  are  very  readily 
reduced  to  the  metallic  state  by  being  heated  at  a  moderate  tem- 
perstore  with  finely-divided  charcoal,  and,  when  free  from  earthy 
or  siliceous  impurities,  their  assay  may  be  conducted  in  an  earthen 
cracible  interiorly  lined  with  charcoal,  without  the  addition  of  any 
kind  of  flux. 

From  the  volatility  of  this  metal,  it  is  necessary  to  avoid  the 
application  of  too  sbong  a  heat ;  and  when  the  substance  ex- 
amined is  contaminated  with  impurities,  the  addition  of  some  suit- 
able flux  becomes  necessary.  For  this  purpose  the  ore  may  be  inti- 
mately mixed  eitherwith  three  parts  of  blade  flux  or  one  part  of  car- 
bonate of  soda^  and  025  of  finely-powdered  charcoal.  In  this  case 
the  lining  of  the  crucible  becomes  unnecessary,  and  after  it  has 
remained  in  the  fire  untU  its  contents  are  in  a  state  of  tranquil 
fusion,  it  should,  on  being  withdrawn,  be  gently  tapped  against 
some  hard  body,  to  collect  the  fused  metal  in  one  compact  button 
at  the  bottom.  When  the  crucible  has  become  cold,  it  is  broken, 
and  the  button  extracted  and  weighed.  Care  is,  however,  neces- 
sary in  detaching  it  firom  the  adhering  slag,  as,  from  its  brittleness, 
it  would  otherwise  be  liable  to  become  broken,  and  a  portion  con- 
sequently lost. 

This  method  is  likewise  applicable  to  substances  which,  although 
principally  consisting  of  the  oxides  of  antimony,  nevertheless  con- 
tain small  quantities  of  sulphur ;  for  as  the  sulphide  yields  to  the 
black  flux  just  one-half  the  combined  antimony,  a  very  small  por- 
ticm  only  can  be  retained  in  the  slags.  When  oxide  of  iron  is 
present  in  the  substance  treated,  this  metal  is  Hberated  at  the  same 
time  as  the  associated  antimony,  and  uniting  with  it,  forms  an 
alloy,  by  which  the  result  obtuned  is  to  a  certain  degree  vitiated. 

2nd.  The  assay  of  substances  belonging  to  this  class  may  be 
made  either  by  first  roasting  the  sulphide,  and  subsequently  fusing 
the  oxidised  matter  with  black  flux,  or  by  directly  fusing  the  crude 
mineral  with  the  addition  of  black  flux  and  finely-divided  metallic 
iron  or  iron  scales.  The  roasting  of  sulphide  of  antimony  is, 
from  its  great  fusibility,  and  the  facihty  with  which  it  becomes 
sublimed,  an  operation  requiring  much  care  in  its  execution; 
it  should  consequently  be  conducted  at  a  very  low  heat,  and  the 
mineral  constantly  kept  stirred  with  a  slight  iron  rod  until  all 
trace  of  sulphurous  acid  ceases  to  be  evolved.  The  residue  is  then 
frised  with  three  parts  of  black  flux,  and  a  button  of  antimony 
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is  obtained  as  in  the  treatment  of  the  oxidised  minerals  bdongingp 
to  the  first  class. 

The  antimony  contained  in  the  sulphide  of  that  metal  is  also 
readily  liberated  by  fusion  with  metallic  iron  in  a  state  of  fine 
division.  The  sulphide  of  iron  thus  produced  has,  however,  so 
very  nearly  the  same  density  as  metallic  antimony,  that  their 
separation  can  only  be  obtained  by  keeping  the  contents  of  the 
crucible  for  a  considerable  time  in  a  state  of  fiision.  When  this 
precaution  is  taken,  two  distinct  buttons  are  obtained  on  breaking 
the  crucible :  the  one  which  is  at  the  bottom  is  of  a  white  colour, 
and  crystallised  in  white  plates,  whilst  the  other  is  of  a  bronze- 
yellow  tint,  and  consists  of  sulphide  of  iron  containing  slight 
traces  of  antimony.  These  are  carefully  detached  firom  each  other, 
and  the  button  of  antimony  weighed.  The  long-continued  heat 
necessary  to  produce  this  separation  has,  however,  the  effect  of 
causing  the  loss  of  a  considerable  amoimt  of  antimony  by  sublimar 
tion,  which  is  an  inconvenience  that  cannot  be  entirely  obviated 
by  the  most  careful  manipulation. 

In  operating  in  this  way,  it  is  also  of  the  greatest  importance 
that  the  exact  amount  only  of  iron  necessary  to  combine  with  the 
sulphur  present  should  be  added  to  the  pounded  sulphide,  as 
from  the  great  tendency  of  antimony  to  form  an  electro-negstive 
element,  it  would  otherwise  combine  with  the  excess  of  that  metal, 
giving  rise  to  an  antimonide  of  iron,  one  portion  of  which  would 
contaminate  the  reduced  metal,  whilst  another  would  be  retained 
in  the  slag. 

For  the  reduction  of  pure  sulphide  of  antimony,  42  per  cent, 
of  iron  filings  is  required :  these  should  be  free  from  rust,  and  in 
the  finest  possible  state  of  division,  as  when  larger  masses  are 
employed,  a  considerable  amount  of  antimony  is  lost  in  the  state 
of  vapour  before  they  can  be  fuUy  acted  on  by  the  surrounding 
sulphide.  Cast  iron  cannot  be  employed  in  the  reduction  of  the 
sulphide  of  antimony,  as  it  is  not  only  little  acted  on  by  the  sul- 
phur, but  the  slag  produced  is  also  found  to  adhere  so  firmly  to 
the  metal  as  to  be  extremely  difficult  of  removal. 

If,  instead  of  employing  iron  and  sulphide  of  antimony  alone, 
a  certain  proportion  of  carbonate  of  soda  and  charcoal  be  added 
to  the  contents  of  the  crucible,  the  same  results  are  obtained,  and 
a  slag  is  produced  consisting  of  sulphide  of  iron  and  a  sulphide  of 
the  sJkalme  base  produced. 

A  good  mixture  for  this  purpose  consists  of  100  parts  of  sul- 
phide of  antimony,  42  of  metallic  iron,  45  of  carbonate  of  soda, 
and  6  of  finely-powdered  charcoal.  When  thus  treated  in  a 
lined  crucible,  and  at  a  moderate  temperature,  pure  sulphide  of 
antimony  afibrds  from  65  to  67  per  cent,  of  reduced  metal. 

Instead  of  using  metallic  iron  for  this  purpose,  the  pure  oxide 
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of  that  metal,  iron  scale,  or  any  feirugiBOus  matter  may  be  em- 
ployed, provided  it  be  capable  of  affording,  when  heated  with 
charcoal  and  an  alkaline  flux,  a  large  per-centage  of  metalHc  iron. 
When  iron  scales  are  employed,  they  should  be  added  to  the  sul- 
phide of  antimony  in  the  proportion  of  40  parts  of  the  former  to 
100  of  the  latter ;  and  this,  with  the  ad^tion  of  100  parts  of 
carbonate  of  soda,  and  16  of  charcoal,  will,  with  carefm  firing, 
afford  a  produce  of  from  65  to  67  per  cent,  of  reguline  antimony. 
Mr.  Mitchell  states  that  the  best  method  of  assaying  sulphide 
of  antimony  consists  in  mixing  it  intimately  with  four  parts  of 
cyanide  of  potassium,  and  heating  very  gently  in  an  earthen  cru- 
cible. The  heat  required  in  this  case  is  so  extremely  low,  that 
Httle  if  any  of  the  metal  is  lost  by  sublimation ;  whilst  by  all 
the  other  processes,  a  notable  quantity,  often  amounting  to  5  or  6 
per  cent.,  is  in  this  way  driven  off.  It  is,  therefore,  evident  that 
the  estimation  of  antimony  by  the  dry  way  should  rather  be  con- 
sidered as  a  commercial  approximation  than  as  being  rigorously 
exact ;  and  when  pure  sulphide  is  the  substance  operated  on,  its 
examination  will  prove  of  but  Httle  value,  as  every  100  parts  of 
that  compound  correspond  to  72*8  of  metalhc  antimony. 

When  more  rigorously  exact  results  are  required,  recourse  must 
be  had  to  humid  analysis.  For  this  purpose  a  weighed  portion 
of  the  sulphide  to  be  examined  should  be  boiled  with  aqua  regia 
until  the  whole  of  the  soluble  matters  are  dissolved.  The  residue, 
which  consists  of  gangue  and  undecomposed  sulphur,  is  now 
separated  by  filtration,  dried,  ignited,  and  weighed.  Tartaric  acid 
is  then  added  to  the  filtrate  to  prevent  the  precipitation  of  anv 
Qxychloride  on  dilution  with  water,  and  the  antimony  is  precipi- 
tated in  the  state  of  sulphide  by  a  current  of  sulphuretted  hydro- 
gen. The  amount  of  metal  in  this  precipitate  is  determined  by  one 
of  the  methods  already  described,  whilst  the  amount  of  sulphur 
originally  present  in  the  ore  is  readily  found  by  first  ascertaining 
the  loss  sustained  by  the  dry  gangue  during  ignition,  and  subse- 
quently precipitating  the  oxidised  sulphur  existing  in  the  filtrate 
in  the  form  of  sulphuric  acid  by  the  addition  of  chloride  of  barium. 
On  ascertaining  the  amount  of  sulphur  corresponding  to  the  sul- 
phate of  baryta  thus  obtained,  and  adding  it  to  that  directly 
estimated  by  difference,  the  whole  amount  combined  with  the 
antimony  is  obtained.  The  other  metals  and  earths  are,  when 
necessary,  separated  by  the  ordinary  routine  of  chemical  analysis. 

HETALLTTBOT  OF  ANTIMOFT. 

From  the  fusibility  of  sulphide  of  antimony,  its  separation 
from  the  siliceous  and  earthy  gangue  with  which  it  is  associated 
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b  readily  effected  by  a  simple  liquatioa  conducted  at  a  very 
moderate  heat.  On  the  continent,  this  operation  is  carried  on  in 
▼erticai  retorts  in  a  way  shortly  to  be  described ;  but  in  this 
country  a  reverberatory  furnace  of  peculiar  construction  is  em- 
ployed. The  hearth  of  the  apparatus  is  composed  of  a  mixture 
of  sand  and  day,  solidly  beaten  together,  and  sloping  rapidly  m 
all  directions  towards  the  centre,  where,  at  the  lowest  part  of 
the  basin  thus  formed,  is  situated  the  tap-hole  for  the  escape  of 
the  difEerent  liquid  products.  ^Vhen  the  mineral  operated  on  is 
tolerably  free  from  earthy  or  other  impurities,  the  operation  of 
liquation  may  frequently  be  dispensed  with,  but  with  the  poorer 
varieties  of  ore  it  becomes  indispensably  necessary.  In  this  case 
the  impure  sulphide  is  charged  on  the  floor  of  the  furnace,  and 
in  proportion  as  the  temperature  begins  to  be  elevated  it  becomes 
liquefied,  and  escaping  through  the  tap-hole  in  the  bottom  of  the 
hearth  is  received  in  a  basin  prepared  for  that  purpose  on  the 
outside  of  the  brick-work  of  wlueh  the  furnace  is  constructed. 

To  obtain  metallic  antimony,  the  sulphide  is  carefully  roasted 
in  a  reverberatory  furnace  until  the  whole  of  the  sulphur  is  ex- 
pelled, and  a  grey  oxide  alone  remains.  This  oxide  is  afterwards 
mixed  with  one-tenth  of  its  weight  of  crude  tartar,  and  reduced 
in  large  earthen  crucibles  heated  in  a  wind  furnace.  The  metal 
obtained  by  this  process  is,  with  the  exception  of  a  certain  admix- 
ture of  iron,  tolerably  pure,  and  is  at  once  ready  for  the  market 
Instead  of  thus  expelling  the  sulphur  by  roasting,  and  subse- 
quently reducing  the  oxi&  formed,  the  reduction  of  the  sulphide 
is  often  directly  effected  by  fusion  with  metallic  iron  in  a  revere 
beratory  furnace  furnished  with  a  concave  hearth. 

According  to  Berthier,  an  excellent  product  of  metallic  an^ 
mony  is  obtained  from  a  mixture  of  100  parts  of  purified  sulphide, 
60  of  iron  scales  from  the  hammer  or  rolling  mill,  from  45  to  50 
of  carbonate  of  lime,  and  10  to  12  of  powd^ed  charcoal.  From 
these  proportions,  a  yield  of  nearly  70  per  cent,  of  antimony  is 
readily  procured.  The  antimony  obtained  by  this  process  is  not, 
however,  sufficiently  pure  for  many  commercial  purposes,  as  it 
contains  large  quantities  of  iron  and  other  substances,  which  are 
separated  by  a  second  fusion  in  large  earthen  crucibles  with  a 
mixture  of  antimonic  acid. 

In  works  where  antimonial  ores  are  smelted  by  means  of  crude 
bitartrate  of  potash,  the  scorisB  which  cover  the  surface  of  the 
metal  are  not  thrown  away,  as  they  retain  a  certain  proportion  of 
antimony  in  combination,  from  which  a  secondary  product  con- 
stituting a  coarse  kind  of  Kermes  Mineral  is  obtamed.  These 
slags  consist  of  sulphide  of  potassium  and  antdmoniate  of  potash, 
and,  on  being  treated  with  water,  undergo  a  decomposition  by 
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nrhich  the  kennes  is  precipitated :  this,  under  the  name  of  kermes 
\>j  the  diT  way,  is  sold  as  a  veterinary  medicine. 

At  Malhosc,  in  the  department  of  Ard^che  in  France,  the  sepa- 
ration of  the  sulphide  of  antimony  from  its  associated  gangue 
10  effected  hy  means  of  a  peculiar  apparatus,  of  which  fig.  169 

represents  a  vertical  sec- 
tion. For  this  purpose 
the  mineral  is  placed  in 
large  retorts,  b,  of  which 
four  are  set  in  each  fur- 
nace. An  aperture  is  lefb 
at  the  hottom  of  each  of 
these  cylinders,  which 
corresponds  with  a  simi- 
lar opening  by  which  they 
are  supported.  Beneath 
these,  in  separate  cham- 
bers, c,  are  situated  the 
earthen  pots,  f,  in  which 
is  received  the  melted 
sulphide  in  proportion  as 
it  descends  from  the  cy- 
linders above. 

The  fuel  consumed  on 
the  grate  consists  of  fir  wood,  and  the  sulphide  obtained  ib  con- 
verted into  metallic  antimony  by  roasting  in  a  reverberatory  fur- 
nace, and  subsequent  reduction  by  a  mixture  of  20  per  cent,  of 
pulverised  charcoal,  which  has  been  saturated  with  a  strong  solu- 
tion of  carbonate  of  soda. 

The  brittleness  of  this  metal  prevents  its  being  extensively 
CT:iployed  in  a  pure  state,  but  its  alloys,  which  are  very  numerous, 
are  much  used.  The  most  important  of  these  is  type  metal,  which 
consists  of  6  parts  of  lead  and  2  of  antimony  ;  common  stereo- 
type metal  is  composed  of  6  of  antimony  and  1  of  lead.  Britannia 
metal  is  also  a  compound  of  the  same  class,  containing  variable 
quantities  of  copper,  tin,  bismuth,  and  antimony.  Antimony,  in 
the  form  of  a  soluble  tartrate  of  antimony  and  potash,  is  the  tar- 
tar emetic  of  the  apothecary ;  and  antimony,  with  a  mixture  of 
lead,  forms  the  alloy  on  which  music  is  engraved. 
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ARSENIC. 

Equiv.  =  75.     Densiiy  =  6-88. 

Absskio  is  a  brittle  metal,  of  an  iron>grey  colonr,  and  poesessing 
a  strong  metallic  lustre.  When  heated  to  356^  Fahr.  it  sublimes 
without  first  entering  into  fusion,  and  at  the  same  time  emits  an 
odour  strongly  resembling  that  of  garlic.  In  close  vessels  it  may 
be  sublimed  without  change ;  but,  if  air  be  admitted,  it  is  rapidly 
converted  into  a  white  oxide.  According  to  Hahnemann,  this 
metal  is  slowly  oxidised  and  dissolved  by  being  boiled  in  distilled 
water.  When  exposed  to  air  and  moisture,  it  generally  acquires 
on  its  surface  a  dark  film,  which  is  extremely  superficial ;  but  it 
has  been  observed  by  Berzelius,  that  some  specimens  may  be  k^ 
in  open  vessels  for  several  years  without  losing  their  lustre,  whilst 
others  are  in  a  short  time  oxidised  throughout  their  whole  sub- 
stance, and  fall  into  powder.  This  difference  has  been  reeeniiy 
accounted  for  by  supposing  it  to  arise  firom  the  presence  of  potas- 
sium derived  from  the  black  flux  employed  in  its  preparation. 
The  metal  obtained  by  the  sublimation  of  commercial  cake  arsenic 
is  not  subject  to  this  oxidation  by  exposure  to  the  atmosphere. 
The  product  of  this  spontaneous  change  appears  to  be  a  mixture 
of  oxide  and  metallic  arsenic,  and  is  known  on  the  Continent 
under  the  name  of  fly-powder. 

Arsenic  is  a  highly  combustible  body,  and  bums  with  a  blubh- 
white  flame  and  the  formation  of  arsenious  acid,  AsO,.  This 
oxide,  which  is  generally  known  by  the  name  of  white  arsenic,  is 
the  most  common  preparation  of  this  body.  It  is  obtained  by 
roasting  in  a  reverberatory  Aimace  the  more  common  ores  of 
arsenic.  The  arsenic  of  commerce  is  procured  during  the  treat- 
ment of  mispickel,  the  arsenical  ores  of  tin,  arsenical  minerals  of 
cobalt,  and  some  of  the  ores  of  copper,  containing  this  body  in 
conjunction  with  sulphur. 

The  determination  of  arsenic,  when  existing  in  the  form  of 
arsenious  and  arsenic  acid,  is  variously  effected  according  to  the 
nature  of  the  other  bodies  contained  in  the  solution.  If,  in  addi- 
tion to  arsenic  acid,  the  liquor  only  contains  nitric  acidy  without 
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any  traces  of  other  fixed  matter,  it  is  mixed  with  a  weighed  quan- 
tity of  pure  oxide  of  lead  which  has  been  previously  heated  to 
redness  in  a  porcelain  crucible.  The  solution  is  now  evaporated 
to  dryness,  and  the  residue  ignited  and  weighed.  The  quantity  of 
aiBenic  acid  originally  present  is  obtained  by  deducting  from 
the  weight  of  the  ignited  residue  that  of  the  oxide  of  lead  added 
at  the  commencement  of  the  operation.  In  order  that  this  process 
should  succeed,  it  is  of  course  necessary  that  no  other  acid  be 
present  which,  by  uniting  with  the  oxide  of  lead,  is  capable  of 
forming  a  compound  not  decomposed  at  a  red  heat :  the  presence 
of  ammonia  is  equally  detrimentiEJ  to  the  accuracy  of  this  method 
of  estimation.  The  separation  of  arsenic  from  other  bodies  is 
effected  by  the  same  means  as  are  employed  to  eliminate  anti- 
mony from  solutions  containing  other  metals ;  but,  from  the  simi- 
larity in  the  behaviour  of  these  substances  when  treated  by  the 
different  reagents,  great  difficuliy  is  experienced  in  separating 
them  from  each  other.  This  difficulty  is  stiU  further  increased 
when  tin  is  also  present.^ 

Arsenious  acid,  when  treated  with  charcoal,  becomes  reduced  to 
the  metallic  state.  The  metaUic  arsenic  of  commerce  is  prepared 
by  decomposing,  by  the  aid  of  heat,  the  mineral  called  mispickel, 
as  also  frx>m  the  other  ores  containing  arsenic  in  combination  with 
iron  and  sulphur.  For  this  purpose  the  pounded  ore  is  placed  in 
earthen  retorts  4  ft.  6  in.  in  length,  and  about  a  foot  in  diameter, 
in  which  some  pieces  of  old  iron  are  introduced,  with  a  view  to 
more  effectually  retaining  the  combined  sulphur.  Beceivers  are 
now  adapted  to  the  different  retorts,  which  are  moderately  heated 
by  a  fire  placed  beneath  them ;  the  mineral  is  thus  decomposed 
into  sulphide  of  iron,  which  remains  in  the  retort,  and  into  me- 
taUic arsenic,  which  is  sublimed  and  condensed  in  the  receivers. 
Thd  arsenic  obtained  in  this  way  is  purified  by  second  distillation 
with  a  small  quantity  of  powdered  charcoal. 

Arsenic  is  used  in  small  quantities  in  the  preparation  of  various 
alloys,  and  particularly  in  the  manufacture  of  shot.  When  mixed 
with  lead  in  the  proportion  of  about  one  per  cent.,  it  is  found  not 
only  to  impart  to  it  a  certain  degree  of  hardness,  which  is  advan- 
tageous, but  it  likewise  gives  to  it  a  tendency  to  form  into  regular 
globules,  which  much  facilitates  the  manufacture. 

Arsenious  acid,  the  white  arsenic  of  commerce,  is  prepared 
by  roasting  certain  arsenical  ores,  such  as  those  of  iron,  nickel, 
and  cobalt,  as  also  from  the  arsenical  fumes  condensed  in 
the  flues  leading  from  furnaces  in  which  the  roasting  of  tin 

1  For  the  best  method  of  sepAratiiig  these  metals,  see  Fresenius,  Quantitatm 
Analysis,  §  130,  p.  846. 
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ores  is  oondacted.  The  snbfltance  fi!om  which  the  anenious  add 
is  to  be  prepared  is  osuall j  heated  on  the  sole  of  a  reverberatory 
iiimace,  through  which  a  current  of  air,  after  passing  through  the 
grate,  is  allowed  to  play.  By  this  treatment  the  solphnr  is  con- 
yerted  into  sulphurous  acid,  which  escapes  through  the  chimney 
whilst  the  arsenious  acid  at  the  same  time  produced  is  condmsed 
in  proper  chambers  placed  in  the  flues  for  that  purpose.  To 
obtain  pure  arsenious  acid,  the  tirst  products  thus  directly  pro- 
cured by  sublimation  are  subjected  to  a  second  treatment  in  cast 
iron  tubes  proyided  with  wrought  iron  receiyers.  Freshly-pre- 
pared arsemous  acid  assumes  the  appearance  of  a  perfectly  trans- 
parent solid  mass,  but  by  exposure  it  becomes  transformed  into  an 
opaque  body  resembling  porcelain. 

Arsenious  acid  is  laigdy  employed  to  giye  a  peculiar  porcelam- 
like  hue  to  glassware.  It  is  likewise  extensiyely  used  in  the 
preparation  of  yarious  pigments,  among  which  may  be  mentioned 
orpiment,  or  king's  ydlow,  and  realgar,  which  is  another  sulphide 
of  a  fine  red  colour.  Arsenious  acid  is  also  extensiyely  employed 
in  the  manufacture  of  emerald  green — an  aceto-asrsenite  of  copper 
much  used  by  paper-stainers. 
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MEBCUKT. 

Sqoiv.  =s  10007.    Besmtj  ss  18*568. 

MsKCVKT,  or  Quicksilver,  diffen  from  all  the  other  metab  in  being 
liquid  at  ordinary  temperaturea.  It  has  a  silver-white  colour, 
with  a  strong  metallic  lustre,  and  is  not,  if  quite  pure,  tarnished 
bj  expoeure  in  the  cold  to  a  moist  atmosphere.  If,  however,  it 
contains  traces  of  other  metals,  the  amalgam  is  rapidly  oxidised, 
and  the  surface  of  the  batii  quickly  covered  by  a  grey-coloured 
powder.  This  metal  is  solid  at  a  temperature  of  d9^  or  40**  below 
zero,  and  is  then  both  ductile  and  malleable.  In  polar  latitudes 
the  cold  is  sometimes  so  intense  as  to  cause  the  congelation  of 
mercury,  but  a  similar  result  may  be  obfcained  by  a  freesdng 
mixture  composed  of  ether  and  solid  carbonic  acid.  The  same 
effect  is  also  produced  by  a  mixture  of  pounded  ice  and  crystal- 
lised chloride  of  calcium.  K  a  rather  large  quantity  of  mercury 
be  operated  on,  and,  after  being  placed  in  a  platinum  enudble,  it 
be  gradually  exposed  to  a  proper  refrigerating  mixture,  distinct 
octahedral  crystab  are  readily  obtuned.  The  mercury  in  this 
caae  becomes  congealed  around  the  sides  of  the  vessel ;  and,  in 
pouring  out  the  portion  which  still  retains  its  liquidity,  brlUiant 
erystala  belonging  to  the  cubic  system  are  found  coating  its  sides. 
Considerable  contraction  is  likewise  observed  to  take  place  at  the 
moment  of  oongekticm ;  for  while  its  densil^  at  47^  is  13*545, 
that  of  frozen  mercury  amounts  to  15*612. 

Mercury  is  sometimes  adulterated  with  lead  and  bismuth ;  but 
such  impurities  may  be  readily  detected,  both  by  the  want  of 
fluidity  of  the  mixture,  and  also  from  its  leaving  a  residuum  when 
snblimed  in  an  iron  spoon.  7he  tension  of  mercurial  vapour  is 
aensiUe  at  ordinary  temperatures,  although,  from  being  exbremely 
feeble,  it  cannot  be  estimated  with  a  great  degree  of  precision. 
That  mercury  is  volatile  at  common  temperatures  is  readily  per- 
ceived by  suspending  a  sheet  of  gold  leaf  in  the  upper  part  of  a 
bottle  in  the  bottom  of  which  a  little  of  this  metal  has  been  placed 
On  removing  this  arrangement  to  a  cool  place,  and  allowing  it  to 
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remain  a  few  days  without  being  distorbed,  that  part  of  the  gold 
which  ia  nearest  to  the  surface  of  the  mercury  will  be  found  to 
have  become  whitened  by  its  vapour,  whilst  that  portion  of  tb» 
sheet  which  is  in  the  highest  part  of  the  bottle  remains  unaltered, 
as,  from  the  feeble  volatOitj  of  this  metal  at  ordinary  temperatures, 
its  vapour  merely  forms  an  extremely  thin  stratum  immediatelj 
over  we  surface  of  the  metallic  bath. 

The  mercury  of  commerce,  when  it  comes  directly  from  the 
mine,  is  in  most  instances  nearly  pure,  but  is  sometimes  contami- 
nated by  dissolving  small  quantities  of  other  metals,  and  almost 
invariably  contains  a  greater  or  less  amount  of  oxide,  whidi 
becomes  disseminated  throughout  the  mass.  With  a  view  to  the 
separation  of  these  impurities,  mercury  is  finequently  digtilled 
from  an  iron  retort,  and  again  condensed  in  a  vessel  containing 
old  water.  For  this  purpose  one  of  the  wrought  iron  botUes  in 
which  quicksilver  is  imported  may  be  conveniently  employed. 
One  of  these,  after  being  about  half  filled  with  the  metal,  should 
have  attached  to  it  a  piece  of  iron  gas-pipe  bent  nearly  at  right 
angles,  and  furnished  at  its  open  extremity  with  a  tube  formea  of 
several  layers  of  linen  or  cotton  cloth,  and  of  which  the  end  is 
made  to  plunge  into  a  basin  containing  cold  water.  Tlie  open 
extremity  of  the  iron  pipe,  together  with  the  piece  of  linen  hose 
attached,  are  moistened  by  a  constant  stream  of  cold  water,  which 
is  made  to  flow  upon  it  through  a  small  stop-cock,  and  the  iron 
bottle  is  heated  in  a  furnace  until  the  vapour  of  mercury  b^:ins 
to  be  plentifully  given  off.  The  ebullition  of  the  metal  is  often 
attended  with  violent  explosions,  and  care  must  be  taken  so  to 
regulate  the  heat  as  to  prevent  the  projection  of  any  part  of  the 
charge  through  the  iron  tube  into  the  receiver.  By  operating  in 
this  way,  the  greater  portion  of  the  foreign  metals  are  retain^  in 
the  retort,  whilst  the  mercury  passes  over  in  a  purified  state  into 
the  vessel  containing  the  cold  water.  A  certam  portion  of  the 
impurities  is,  however,  by  this  process  carried  over  into  the 
receiver ;  and  consequently,  when  an  absolutely  pure  q)ecimen  is 
required,  their  separation  should  be  effected  by  some  other  means. 
The  best  method  of  doing  this  is  to  treat  the  mercury  to  be 
purified  with  common  nitnc  acid  diluted  with  about  twice  its 
volume  of  distilled  water.  The  whole  is  then  heated  to  about 
110^  Fahr.,  and  nitrate  of  protoxide  of  mercuiy  will  be  nfUdfy 
formed.  This  nitrate  and  the  free  acid  react  on  the  foreign 
metals  present,  which  are  held  in  solution  in  the  form  of 
salts.  Any  oxide  of  mercury  originally  present  is  also  dissolved 
by  the  nitric  acid  with  formation  of  a  nitrate.  The  action  is 
continued  during  twenty-four  hours,  and  the  mixture  oocasionally 
agitated. 
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Lastly,  the  water  is  separated  by  evaporation ;  and  the  nitrate 
which  remains  in  the  form  of  a  crystalline  crust  on  the  surface  of 
the  metal,  is  removed.  The  metallic  mercury  is  now  separated, 
and,  after  being  washed  with  distilled  water,  is  first  dried  with 
Inbulous  paper,  and  subsequently  by  exposure  under  a  bell-glass 
to  the  desiccating  influence  of  caustic  lime. 

When  mercury  is  merely  soiled  by  a  slight  admixture  of  oxide, 
it  is  readily  removed  by  brisk  agitation  in  a  glass  bottle  with  a 
small  quantity  of  strong  sulphuric  acid.  By  this  treatment  the 
metal  is  divided  into  extremely  small  globules,  which  expose  a 
laige  surface  to  the  action  of  the  add.  At  the  expiration  of  from 
three  to  four  days  the  add  may  be  poured  off,  and  the  purified 
mercury  washed  and  dried. 

Mercury  is  not  attacked  by  strong  hydrochloric  acid,  even  when 
its  action  is  aided  by  ebullition.  Dilute  sulphuric  add  likewise 
£u1b  to  dissolve  it ;  but  if  concentrated  add  be  employed,  it  is, 
with  the  aid  of  heat,  rapidly  converted  into  sulphate  of  mercury, 
and  gives  off  an  abundant  supply  of  sulphurous  add  gas.  Nitric 
acid  attacks  this  metal  with  great  energy  even  in  the  cold ;  and, 
when  moderately  diluted  with  water,  binoxide  of  nitrogen  is  plen- 
tifully evolved. 

Mercury  combines  with  great  readiness  with  certain  other 
metals,  such  as  gold,  silver,  zinc,  tin,  lead,  and  bismuth,  and 
forms,  when  in  suitable  proportions,  solutions  of  those  metals. 
These  mercurial  alloys  are  called  amalgams,  and  this  property  of 
the  metal  is  extensively  employed  in  extracting  gold  and  silver 
from  their  ores,  as  well  as  in  gilding,  plating,  and  the  manufacture 
of  looking-glasses.  Mercury  is  besides  the  basis  of  many  powerfiil 
and  valuable  medicines,  and  is,  on  account  of  its  great  density, 
and  the  regularity  of  its  expansion  and  contraction  under  the 
influence  of  increased  and  diminished  temperature,  preferred  to 
all  other  liquids  for  filling  the  tubes  of  thermometers  and  baro- 
meters. This  metal  is  likewise  employed  for  anatomical  in- 
jections, and,  when  united  with  tin  and  zinc,  forms  the  best 
exdter  which  can  be  applied  to  the  rubbers  of  electrical  machines. 
Nitrate  of  mercury  is  employed  as  a  wash  for  rabbit  and  hare- 
skins,  and  gives  to  their  furs  the  property  of  felting,  which  they 
do  not  naturally  possess. 
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r%  Mercure  natif;  QueeksUber,  in  fluid  glo- 
bules, disseminated  through  the  gangue,  occurs  in  most  of  the 
mioes  producing  the  different  mercurial  ores.   It  is  usually  much 
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disseminated  in  the  rock,  but  is  sometimes  so  accnmnlAted  in 
cavities  as  to  admit  of  being  readily  dipped  up. 

■■IjliHH  mtr  MwMf  %  Mereure  sti^uri;  Zumober. — This  sab- 
stance  crystallises  in  rhombohedral  prisms,  but  most  oommonly 
occurs  in  an  amorphous  state.  Sulphide  of  mercury  is,  propoir 
speaking,  the  only  ore  of  that  metal,  and  is  distinguished  by  its 
dull  red  colour  and  bright  scarlet  streak.  Its  lustre  is,  when 
amorphous,  unmetaUio ;  but  when  crystallised,  adamantine.  It  is 
readily  sectile,  and  in  most  instances  neariy  opaque. 

Two  specimens  of  this  mineral,  analysed  by  Klaproth  and 
Lebererz,  yielded  the  foQowing  results : — 


From  Japan, 
analysed  by  Kla^th. 
Mercury                 .     84'50 
Sulphur                  .     14-76 

Framldriat 
analysed  by  Leboan. 
'61-80 
8^20 

Bituminous  matter 

6-80 

Ghmgue 
Water 

3200 
8-20 

09-26  10200 

It  follows  that  this  substance,  when  pure,  ccmsists  of  one  atom 
of  mercury  united  to  one  of  sulphur;  and  its  composition  is. 
therefore,  expressed  by  the  formula  HgS.  Cinnabar-  mostly 
occurs  in  connection  with  talcose  and  argillaceous  shale,  or  in 
some  other  stratified  d^>osit.  FrcHn  the  volatility  of  this  mineral 
it  is  not  found  in  large  quantities  in  crystalline  or  igneous  rocks, 
although  small  specimens  have  sometimes  been  observed  dissemi- 
nated m  gpranite.  When  the  ores  of  mercury  are  met  with  in 
stratified  rocks,  they  are  usually  found  in  the  fbnn  of  veins  or 
lodes  ;  but  when,  as  is  sometimes  the  case,  the  matrix  is  sandstone, 
they  are  comm<Mdy  disseminated  in  minute  grains  throughout 
the  mass. 

The  principal  mines  firom  which  mereiuy  is  extracted  are  at 
Idria  in  Austria,  Almaden  in  Spain,  in  California,  in  the  Palatin- 
ate, on  the  Rhine,  and  in  various  places  in  Peru.  Mines  of  this 
metal  have  also  been  worked  in  Mexico,  Hungary,  Sweden,  China, 
and  Japan,  as  well  as  at  Arqueros  in  Chili. 

At  Idria  the  sulphide  of  mercury  is  worked  in  a  formation 
chiefly  composed  of  a  compact  black  limestone  associated  with  an 
argillaceous  schist,  with  which  it  is  so  intimately  mixed  as  to 
appear  to  have  been  formed  contemporaneously  with  it.  The 
mines  of  Idria  were  discovered  in  the  year  1497.  Tke  workings 
are  carried  on  by  means  of  small  galleries,  as  the  rode  is  too 
friable  to  admit  of  larger  excavations.    The  ore,  which  is  prin- 


ORES  OF  liXBCUBY.  453 

cipaUy  bituminoiis  ciimabar,  associated  with  native  mercury,  is 
obtained  at  a  depth  of  850  feet  from  the  surface.  The  yearly 
production  of  this  mine  might,  according  to  Dr.  Ure,  be  easily 
raised  to  600  British  tons ;  but,  with  a  view  to  maintaining  the 
price  of  mercury,  the  Austrian  government  has  restricted  its 
annual  yield  to  one-fourth  of  that  sum.  In  the  year  1803,  a  most 
disastrous  fire  occurred  in  these  workings,  which,  from  the  quan- 
tity of  mercury  sublimed,  affected  more  than  900  persons  in  the 
neighbourhood  of  the  mines  with  nervous  tremblings  and  other 
diseases;  and,  in  order  to  extinguish  the  smouldering  galleries, 
it  was  found  necessary  to  inundate  the  mine.  In  some  places 
native  m^cury  is  so  abundantly  disseminated  among  the  ore  and 
bituminous  sdfiist  that,  when  the  ground  is  first  broken,  it  escapes 
in  the  form  of  large  js^lobules,  which  run  down  and  collect  in  con- 
siderable quantities  m  the  bottoms  of  the  levels.  The  pure  mer- 
cury is  first  separated  by  filtration  fi*om  the  earthy  matters,  which 
are  afterwards  mechanically  treated  previous  to  their  reduction  in 
furnaces  prepared  for  that  purpose. 

From  the  mines  of  Almaden,  which  are  situated  near  the  firon- 
tier  of  Estremadura,  in  the  province  of  La  Mancha,  the  Greeks 
are  said  to  have  imported  cinnabar  at  least  700  years  before  the 
Christian  Era,  and  Pliny  states  that  in  his  time  100,000  lbs. 
were  annually  obtained  from  the  same  locality.  The  vein,  which 
varies  from  14  to  16  yards  in  thickness,  extends  from  the  town 
of  Chillon  to  Almadenejos,  and  a  black  slate,  plentifully  impreg- 
nated with  metallic  mercury,  is  mined  near  the  rivulet  Balde 


The  mines,  which  do  not  exceed  300  yards  in  depth,  are 
excavated  in  argillaceous  schist,  and  sandstone-grit  deposited  in 
horizontal  beds,  which  have  been  sometimes  intersected  by  erup- 
tions of  granite  and  black  porphyry.  The  ore  thus  extracted 
yields  bv  metallurgic  treatment  on  an  average  10  per  cent,  of 
metal,  although  it  is  shown  by  analysis  that  considerable  loss  is 
experienced  during  the  operation.  These  mines  annually  afford 
large  quantities  of  mercury. 

Near  these  celebrated  workings  lie  those  of  Las  Cuebas  and 
Almadenejos,  which,  although  of  much  smaller  extent,  still  produce 
considerable  weights  of  mercury.  The  mines  of  this  district,  after 
having  been  known  from  remote  antiquity,  became  the  property 
of  the  religious  knights  of  Calatrava,  who  had  assisted  in  dnving 
out  the  Moors  firom  Spain,  and  who  farmed  off  these  deposits  to 
the  celebrated  Fugger  merchants  of  Augsbouig.  Since  the  year 
1645  they  have  been  explored  on  account  of  the  government. 

The  mines  of  the  Palatinate,  although  of  less  extent  than  the 
above,  are  nevertheless  of  sufficient  importance  to  merit  the  atten- 
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tion  of  the  government,  by  which  thej  are  farmed  out  to  private 
speculators.  These  workings,  which  are  numerous,  and  situated 
in  various  geological  positions,  are  seldom  prosecuted  at  anv  venr 
considerable  depth  from  the  surfiice.  Among  the  most  remaikabk 
are  those  of  Drey-Koenigszug,  at  Potzbei^  near  KusseL  These 
are  sunk  to  a  depth  of  above  220  yards,  and  annually  produce 
about  80  tons  of  mercury.  The  mineral  is  a  fine  sandstone, 
strongly  impregnated  with  cinnabar. 

The  mines  of  Hungary,  Bohemia,  and  the  other  parts  of  G^- 
many,  are  estimated  to  yield  collectively  an  annual  supply  of  &om 
35  to  40  tons. 

The  mines  of  Ghiancavelica  in  Peru,  have  likewise  afibided  a 
large  amount  of  mercury,  and  are  particularly  interesting,  from 
the  circumstance  of  the  quicksilver  being  directly  employed  in 
treating  the  ores  of  gold  and  silver,  which  are  so  abundantly 
furnished  in  that  part  of  America. 

The  South  American  miners  had  recourse,  in  1782,  to  the 
mercury  extracted  in  the  province  of  Yun-nan  in  China,  where 
the  separation  of  the  metei  is  effected  by  placing  the  ore  in  pits 
or  wells,  previously  heated  by  a  fire  of  brushwood.  On  cooling, 
the  quicksilver  becomes  condensed,  and  is  then  collected  from 
reservoirs,  where  it  is  deposited  in  a  liquid  state. 

The  other  minerals  containing  mercury  are  of  but  little  com- 
mercial importance.  Chloride  of  mercury,  or  horn  quicksilver,  is 
a  mineral  of  a  greyish-white  or  yellow  colour,  and  conclundal 
fracture.  It  is  chiefiy  found  at  Almaden  in  Spain,  and  at  Moschel- 
landsberg  in  the  Palatinate,  where  it  covers  the  surface  of  a  feiru- 
ginous  gangue,  and  sometimes  affords  distinct  and  well-defined 
crystal,  belonging  to  the  right  prismatic  system.  Specamais  of 
this  mineral  are  aJso  sometimes  obtained  at  Idria,  and  at  the  mine 
of  Horzowitz  in  Bohemia. 

An  iodide  of  mercury  is  found  in  some  of  the  Mexican  mines ; 
its  colour  is  nearly  similar  to  that  of  cinnabar,  but  of  a  somewhat 
deeper  tint.  This  mineral,  which  was  discovered  by  M.  del  Rio, 
has  not  as  yet  been  fully  examined. 

Native  amalgam,  a  natural  alloy  of  mercury  and  silver,  will  be 
described  when  treating  of  the  latter  metal. 


ESTIMATION  OF  MEECUBT. — SEPABATION  FBOH  OTHSS  M£TAL3« 

This  metal  is  either  directly  estimated  in  the  metallic  state,  or 
in  the  form  of  chloride,  HgjOl,  commonly  known  as  calomel.  When 
it  is  required  to  separate  with  great  accuracy  metaUic  mercury  from 
the  substances  with  which  it  may  be  associated,  the  following 
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method  can  be  convenientlj  employed.  A  long  tube  of  bard  glass, 
a  6,  of  the  same  diameter  as  that  employed  for  making  organic 
analyses,  is  drawn  out  by  one  of  its  extremities,  in  the  way  shown 
in  fig.  170,  and  in  this  part  a  bulb,  B,  is  so  blown  as  to  be  between 
two  parts  of  the  narrowed  tubing.     The  contraction  at  a  is  now 

slightly  plugged  with  a 
bit  of  asbestos,  so  as  to 
allow  of  a  free  circulation 
of  gas,  whilst  it  prevents 
170.  any  solid  matter  from 

being  drawn  into  the  smaller  elongation  between  a  and  b. 

Powdered  quick-lime  is  afterwards  introduced  into  the  tube, 
and  slightly  tightened  with  a  piece  of  the  glass  rod,  care  being  at 
the  same  tune  taken  that  the  aperture  be  not  hermetically  closed ; 
the  mercurial  product  to  be  examined  is  then  introduced  at  c,  and 
its  weight  accurately  noted.  When  the  substance  has  thus  been 
deposited  in  the  situation  above  indicated,  the  remainder  of  the 
tube  is  filled  with  quick-lime,  and  its  end  closed  with  a  perforated 
cork,  into  which  a  piece  of  small  fflass  tubing  is  accurately  fitted. 
The  prepared  tube  is  now  placed  m  an  ordinary  combustion  fiir- 
naoe,  and  a  current  of  dry  hydrogen  gas  introduced  by  the  ex- 
tremity, 6.  The  part  of  the  tube  between  b  and  c  is  first  warmed, 
and  the  heat  progressively  advanced  in  the  direction  of  a.  The 
mercurial  product  is  by  this  treatment  decomposed,  and  the 
volatile  metal  being  carried  forwards  by  the  current  of  hydrogen 
gas,  is  condensed  and  collected  in  the  bulb,  b,  prepared  for  that 
purpose.  A  small  quantity  of  watery  vapour  is  also  generally 
condensed  at  the  same  time,  but  by  a  continued  evolution  of  dry 
hydrogen  gas  this  is  ultimately  carried  off  in  the  form  of  vapour. 
At  the  dose  of  the  experiment,  when  the  whole  of  the  mercury 
has  been  condensed,  and  the  watery  vapour  has  all  passed  off,  the 
tube  on  either  side  of  the  bulb,  b,  is  cut  with  a  sharp  file,  and  the 
bulb  itself  accurately  weighed  with  the  mercury  it  contains.  The 
metal  is  then  poured  out,  and,  for  the  sake  of  accuracy,  any  portions 
which  may  still  adhere  to  the  glass  are  removed  by  washing,  first 
with  a  little  nitric  add,  and  subsequently  with  distilled  water. 
After  being  thoroughly  dried,  the  bulb  is  again  weighed,  and  on 
subtracting  the  weight  of  the  empty  glass  from  the  result  first 
obtained,  tiie  quantity  of  reduced  mercury  is  at  once  ascertained. 
In  conducting  this  experiment,  it  is  of  importance  that  a  large 
quantity  of  moisture  should  not  be  contained  in  the  substance 
operated  on,  as  by  its  condensation  in  the  bulb,  and  subsequent 
evaporation,  a  sensible  amount  of  mercury  is  frequently  carried 
off.  If  the  mercurial  product  should  in  any  form  contain  nitric 
add,  copper  turnings  must  be  substituted  for  lime  in  the  com- 
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bastion  tabe,  in  ordnr  to  decompose  the  nitrooB  nponn  which 
would  otherwise  attack  the  mercury  collected  in  the  bulb,  b. 

When  soluble  mercurial  products  are  to  be  examined,  this  metal, 
together  with  all  the  others  present,  which  are  precipitated  bj 
sulphuretted  hydrogen,  are  thrown  down  in  the  form  of  sulphides 
by  that  reagent,  and  afterwards  treated  with  quick-lime  and  dry 
hydrogen  gas,  in  the  way  above  described.  The  sulphide  of  mercniy 
is  decomposed,  and  the  metal  collected  in  the  receiver,  b,  whilst 
the  non-volatile  bodies  are  retained  in  the  combustion  tube. 

Instead  of  separating  the  mercury  from  its  solution  by  sulphu- 
retted hydrogen,  protochloride  of  tm,  or  a  bar  of  metallic  iron,  is 
occasionally  employed ;  but  even  in  this  case,  if  accurate  results 
are  to  be  obtained,  it  is  necessary  to  distil  the  precipitate  in  the 
apparatus,  fig.  170. 

When  protochloride  of  tin  is  thus  used,  the  mercunal  scdntion 
should  be  first  rendered  acid  with  hydrochloric  acid,  and  a  scdution 
of  the  chloride  added,  in  which  hydrochloric  add  had  been  pre- 
viously poured,  until  it  had  been  randered  perfectly  limpid.  This 
precaution  obviates  the  necessity  for  filtration,  which  would  other- 
wise have  been  indispensable.  When  this  reagent  is  added  in 
proper  amounts,  the  whole  should  be  heated  to  ebullitian,  care 
being  taken  that  the  boiling  be  not  too  long  continued,  as  in  that 
case  there  would  be  some  danger  of  a  loss  of  meroniy,  arising 
firom  sublimation.  The  mouth  of  the  flask  in  which  the  preci- 
pitation has  been  effected  ia  now  closed,  and  on  cooling,  the  mer- 
cuiT  is  deposited  in  the  form  oi  a  black  powder,  which,  on  being 
boiled  with  a  little  weak  hydrochloric  acid,  becomes  united  in  one 
globule,  from  which  the  liquor  is  readily  decanted  off.  This  may 
be  washed  with  hot  water,  and  subsequently  weighed  in  a  small 
porcelain  capsule ;  but  whero  great  accuracy  is  required  it  is  far 
better  to  dry  the  black  powder  at  first  precipitated,  and  afterwards 
subject  it  to  the  combined  action  of  heat  and  hydrogen  gas,  in  the 
apparatus  above  described. 

The  precipitation  by  a  bar  of  iron  is  to  be  avoided  in  aU  cases 
where  other  reagents  can  be  obtained,  and  in  this  case  a  subse- 
quent distillation  in  an  atmosphere  of  hydrogen  gas  becomes 
almost  indL^)ensable. 

Jkmmr  m€  iIm  Owm  m€  JHcranr. — All  minerals  containing  mer- 
cury, whether  in  the  metallic  state,  or  as  oxide,  sulphide,  sele^ 
nide,  chloride,  or  iodide,  admit,  after  being  reduced  to  a  fine 
powder,  of  being  assayed  with  considerate  accuracy,  by  distil- 
lation with  quick-lime,  in  an  atmosphere  of  hydrogen  gas ;  but 
when  cinnabar  is  the  compound  openJbed  on,  it  may  sometimes  be 
distilled  without  change  by  being  strongly  heated,  without  the 
addition  of  any  reagent,  in  a  hard  glass  returt.   From  the  sublimed 
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sulphide,  whidb  is  collected  and  w^hed,  the  p^-oeniage  of 
TfietftHio  mercury  ia  readilj  deduced,  as  every  100  parts  of  the 
former  is  found  to  correspond  to  86  parts  of  the  latter.  The  ores 
ooniaining  sulphide  of  mercury  are,  however,  not  unfrequently 
aaaociated  with  carbonate  of  lime  and  bituminous  matter,  and  it 
therefore  often  happens  that  a  little  metalHc  mercury  is  liberated 
daring  the  distiliation.  This,  it  is  evident,  would  vitiate  the 
results  obtained,  in  proportion  as  the  quantity  is  more  or  less  con- 
siderable. When  metaUio  mercury  has  been  in  this  way  hberated, 
the  mixture  of  the  reduced  meted  and  cinnabar  is  first  weighed 
in  the  state  in  which  it  has  been  deposited,  and  subsequently 
treated  with  dilute  nitric  add,  by  which  the  free  metal  is  dis- 
solved, whilst  the  sulphide  remains  intact.  The  weight  of  this  is 
now  taken,  and  from  it  the  amount  of  dissolved  mercury  is  ascer- 
tained by  difference.  To  this  is  added  the  weight  of  sulphur 
necessary  to  convert  the  whole  into  cinnabar,  whi<m,  added  to  the 
amovmt  of  sulphide  actually  found,  gives  the  per-centage  of  cin- 
nabar originally  contained  m  the  mineral  examined. 

This  method  of  estimating  the  value  of  ores  containing  sulphide 
of  mercury,  is,  however,  much  less  accurate  than  distillation  with 
lime  in  a  current  of  hydrogen  gas,  and  the  results  obtained  should 
therefore  be  r^^arded  as  being  no  more  than  an  approximation, 
which  may  in  some  cases  be  of  value,  when  the  means  of  conduct- 
ing a  more  carefol  experiment  are  not  r«idily  to  be  procured. 

MSTALLirseT  or  KBBCxmT. — tbeaticbut  or  kxecubial  oses 

ATIDJBIA. 

The  ores  treated  are  here  divided  into  two  classes :  the  mineral 
in  kunps  varying  from  the  size  of  a  nut  to  a  cubic  foot,  and  those 
fragments  of  which  the  size  ranges  frt>m  that  of  a  nut  to  the  finest 
dust. 

The  first  dass  comprises  three  subdivisions ;  namely,  the  poorest 
species,  affording  only  one  per  cent,  of  mercury ;  the  massive  sul- 
phide, consisting  of  tiie  ricnest  selected  fragments,  often  contain- 
ing 80  per  cent,  of  metal ;  and,  lastly,  the  splinters  arising  from 
the  picking  and  sorting  of  the  different  ores,  and  which  yield  from 
1  im  to  40  per  cent. 

The  second  class  is  also  subdivided  into  three  varieties,  and 
comprises  the  fragments  extracted  from  the  mine  in  small  pieces, 
and  which  on  an  average  afford  from  10  to  12  per  cent,  of  metallic 
mercury ;  bits  of  ore  separated  by  washing  on  a  sieve,  and  con- 
taining 32  per  cent,  of  metal ;  and,  lastly,  the  fine  sand  and  paste 
called  schUehf  obtained  by  stamping  and  washing  the  poorer  ores : 
this  generally  affords  a  produce  a  Httle  superior  to  8  per  cent. 
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The  metallurgic  treatment  of  these  several  products  consists  in 
subjecting  them  to  a  process  of  roasting  in  a  large  distillatoiy 
apparatus,  in  which  the  sulphur  is  oonyerted  into  sulphurous  acid, 
whikt  the  metallic  mennuy  is  set  firee  and  condensed  in  a  senes 
of  large  chambers  arranged  on  either  side  of  the  furnace  for  that 
purpose. 

This  apparatus  consists  of  a  large  roasting  kiln,  ▲,  figs.  171 
and  172,  furnished  on  either  side  with  a  series  of  chambers,  c,  in 
which  the  mercurial  vapours  are  condensed. 


The  larger  fragments  of  the  mineral  treated  are  closely  pfled  on 
the  hollow  arch,  a  a,  until  the  space  between  it  and  the  next  has 
been  entirely  filled  with  it.  On  the  second  perforated  arch, 
6  6,  are  placed,  in  shallow  earthenware  pipkins,  the  fragments  of 
smaller  dimensions,  and  on  the  third,  c  c,  are  deposited,  also  in 
earthen  vessels,  the  slimes  arising  from  the  mechanical  treatment 
of  the  poorer  ores. 

When  the  furnace  has  been  thus  charged,  the  fire  is  lighted  on 
the  grate,  and  the  heat  progressively  raised  until  the  decomposi- 
tion of  the  mineral  be^  to  take  place.  The  sulphide  of  mer- 
cury, placed  in  immediate  contact  with  a  current  of  heated  and 
strongly  oxidising  air,  which  enters  the  fiimace  through  apertures 
opening  into  the  spaces,  Q,  H,  is  sublimed  and  rapidly  decomposed, 
whilst  the  metallic  products  are  conducted  by  proper  channels 
into  the  condensing  chambers,  c.  The  greater  portion  of  the 
mercury  becomes  condensed  in  the  three  first  chambers,  and  is 
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conducted  by  the  gutters  xy  z,7/  f^  jf  into  a  covered  reservoir, 
prepared  for  its  reception  beneath  the  levd  of  the  floor.  In  the 
last  chamber  of  the  series,  a  considerable  amount  of  water,  and 
bat  very  little  mercury,  is  condensed.  These  products  are,  on 
aoooimt  of  the  impurities  which  they  contain,  carried  off  by  a 
separate  set  of  gutters,  to  a  tank,  in  which  they  are  allowed  to 
accumulate.  The  mercurial  dust  which  contanunates  the  metal 
obtained  from  these  latter  chambers  is  subsequently  separated  by 
filtration,  and  mixed  with  some  of  the  finer  ores,  to  be  again 
treated  in  the  furnace. 

In  order  effectually  to  condense  the  last  trace  of  mercury  pass- 
ing through  the  apparatus,  a  stream  of  cold  water  is  constantly 
made  to  flow  through  the  chambers,  d,  on  inclined  tables,  extend- 
ing nearly  firom  one  wall  to  the  other  of  the  building,  and  between 
these  the  vapour  and  gases  are  obliged  to  circulate  before  escaping 
through  £  into  the  atmosphere. 

The  mercury  is  afberwards  filtered  through  thick  linen  bags,  to 
separate  the  solid  impiuities,  and  subsequently  packed  in  wrought 
iron  bottles  for  exportation. 

This  arrangement,  which  is  perhaps  the  largest  metallurgxc 
erection  in  the  world,  is  charged  in  three  hours  by  the  united 
labour  of  40  men.  The  wood  employed  as  fiiel  is  usually  beech, 
and  the  distillation  lasts  from  10  to  12  hours,  during  which  time 
the  whole  furnace  is  kept  at  a  cherry-red  heat.  A  complete  charge 
for  the  double  apparatus  is  from  1000  to  1200  quintals  of  ore, 
which  produce  fi'om  80  to  90  quintals  of  metallic  mercury.  The 
furnace  requires,  according  to  the  season  of  the  year,  from  five 
to  six  days  to  cool,  and  therefore,  when  the  time  necessary  for 
charging  and  withdrawing  the  residue  is  included,  but  one  dis- 
tillation can  be  made  in  the  course  of  a  week.  This  furnace  is  180 
feet  long,  and  30  feet  in  height ;  it  was  first  erected  at  Idria,  in 
the  year  1794,  before  which  time  an  aludelle  furnace,  similar  to 
that  now  to  be  described,  was  employed. 

In  the  year  1812,  the  mines  of  Idria  yielded  56,686  quintals  of 
mechanic^y  prepared  ore,  which  afforded  4,832  quintals,  or  about 
8i  per  cent,  of  metallic  mercury. 

▲LUDELLE  FUENAOB  OP  ALMADEN. 

This  apparatus  is  represented  in  figs.  173  and  174,  of  which  the 
furst  is  a  vertical  section,  and  the  second  a  sectional  plan.  These 
fiimaces,  which  are  called  in  the  coimtry  hw^OTies,  consist  of  a 
circular  chamber,  a  b,  separated  into  two  compartments  by  a  brick 
arch,  Ir,  pierced  with  numerous  apertures.  The  mineral  is  piled  in 
the  space,  b,  above  the  arched  diaphragm,  the  larger  masses  being 
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placed  first,  and  the  smaller  fragments  afterwards.  The  top  is  then 
ooTered  with  soft  hricks,  formed  of  day,  kneaded  with  fine  schlich. 
At  the  upper  extremity  of  the  cavity,  B,is  arranged  a  system  of  open- 
ings,/ which  communicate  with  a  series  of  earthen  adapters,  fitted 
into  each  other,  and  resting  on  the  doubly  inclined  surfi^^e  of  the 
terrace,  a  be.  These  earthen  pipes  or  aludelieSj  fig.  175,  are  merdy 


p 
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174. 


thrust  into  one  another,  and  luted  with  a  little  softened  loam,  by 
which  the  leakage  of  the  joint  is  partially  obviated.  The  con- 
densed mercury  partly 
remains  in  the  aludelles, 
but  another  and  larger 
portion  flows  through  a 

hole  pierced  in  the  alu-  275 

delle  placed  at  the  low- 
est part  of  the  series,  and  is  collected  in  the  gutter,  5,  by  which 
it  is  conducted  through  wooden  spouts  into  the  receiving  basins, 
r  r^.  The  uncondensed  gases,  mixed  with  the  mercurial  vapours, 
pass  through  the  apertures,  c  c,  into  the  chambers,  c,  where,  pass- 
ing under  a  diaphragm,  «,  a  certain  portion  of  metal  is  deposited 
in  a  vessel  t,  filled  with  water.  What  still  remains  passes  into  the 
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upper  part  of  the  chamber,  from  whence  it  escapes  into  the 
atmosphere  through  a  small  chimney,  B.  The  mercurial  soot 
which  accomulates  on  the  sides  of  this  chamber  is  occasionally 
swept  down,  and  after  bein^  kneaded  into  bricks  with  the  addi- 
tion of  softened  clay,  is  again  treated  in  a  subsequent  operation. 

The  Aiel  employed  is  brushwood,  which  being  ignited  in  the 
space,  A,  beneath  the  arched  diaphragm,  affords  the  amount  of 
heat  necessary  for  the  proper  working  of  the  furnace.  The  alu- 
delles  are  placed  in  12  ranges  of  25  in  each  set ;  the  fuel  is  intro- 
duced through  the  opening,  n,  and  the  smoke  and  other  products 
of  combustion  are  carried  off  by  the  chimney,  f.  a  are  the  steps 
for  mounting  on  the  top  of  the  furnace,  and  g  a  small  gutter  by 
which  the  rain  water  is  carried  off.  The  mineral  is  introduce^ 
into  the  furnace  through  the  door,,  A,  and  opening,  o,  which  are 
afterwanb  aecorely  bted  n» 

The  firing  is  continued  firing  12  or  13  hours,  and  the  appara- 
tus is  th«i  allowed  to  cool  during  &  or  4  days  ;  at  the  expiration 
of  which  time  it  ia  deaaed  oot^  and  again  charged  im  another 
operation. 

GALLEBY   OF  THE  PALATINATE.  —  APPABATUS  BICBLOTXI)   AT 
LAin)SBEBO. 

In  the  Duchy  of  Deux-Ponts,  where  considerable  quantities  of 
mercury  are  extracted^  a  peculiar  apparatus  called  a  ^^ery  is 
employed.  The  mineral  here  treated  consists  of  a  mixture  of 
sulphide  of  mercury  and  carbonate  of  hme,  which  is  heated  in  a 
kind  of  earthen  retort,  or  eticwint,  of  which  several  are  arranged 
in  one  furnace,  as  shown  in  fig.  176.     The  number  of  cucurbits, 

A,  contained  in  one  gallery 
varies  from  30  to  52,  and 
to  each  of  these  is  adapted 
a  stoneware  receiver,  b, 
partially  filled  with  cold 
water.  Into  each  of  the 
retorts  are  introduced  firom 
56  to  70  lbs.  of  cinnabar, 
and  from  15  to  18  lbs.  of 
quick-Ume,  a  mixture  which 
should  fill  about  two-thirds 
of  its  capacity. 

The  sulphide  of  mercury 
is  in  this  case  decomposed 
by  the  lime;  sulphide  of 
oaLoium  and  sulphate  of 
lime  are  formed,  and  the 
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liberated  metal  is  condensed  in  the  stoneware  bottles.  The  fiiel 
employed,  which  is  pit  coal,  is  bmut  on  a  grate  which  is  situated 
at  0.  The  dome  is  perforated  with  openings  for  the  poipofie  of 
creating  a  draught. 

To  obviate  the  inconvenience  and  loss  experienced  by  the  older 
methods  of  distilling  mercury,  an  i^paratus  was  erected,  in  1847, 
at  Landsbei^,  near  Obermoschel,  in  the  Bavarian  Bhein-kreis. 
This  arrangement  consists  of  a  series  of  retorts  of  the  form  indi- 
cated at  a,  fig.  177.     These  are  set  in  masonry,  preciselj  in  the 


same  way  as  those  employed  in  the  manufacture  of  coal  gas,  and 
are  fitted  at  one  end  with  an  eduction  tube,  b,  and  at  the  other 
with  an  air-tight  stopper,  kept  in  its  place  by  an  iron  screw. 
The  eduction  pipes  are  each  furnished  with  a  nozzle,  l,  closed  by 
a  screw  plug,  through  which  a  wire  may  be  introduced,  to  ascer- 
tain that  the  tube  is  clean,  and  free  from  any  obstruction  occa- 
sioned by  adhering  mereurial  soot.  In  connection  with  the 
pipes,  6,  is  a  large  condenser,  c,  of  cast  iron,  18  inches  in  diameter, 
and  filled  with  water  to  J9,  a  little  above  the  level  of  the  pipes. 
It  is  also  furnished  with  a  water  valve,  g,  by  which  any  danger 
of  explosion,  caused  by  the  mounting  of  the  liquid  into  the 
retorts,  is  entirely  prevented,  and  the  temperature  is  further 
reduced  by  placing  the  pipe  in  a  large  wooden  trough,  t,  through 
which  a  current  of  cold  water  is  constantlv  made  to  flow.  The 
cvlinder,  c,  is  likewise  made  slightly  to  mcline  towards  D,  so 
that  the  condensed  quicksilver  may  readily  flow  along  its  bottom, 
and  passing  through  the  vertical  pipe,  be  collected  in  the  closed 
iron  chest,  e,  which  is  secured  by  a  lock  at  h.  The  tube,  d,  is, 
from  the  commencement,  closed  at  bottom,  by  dipping  into  a 
shallow  iron  cup,  filled  with  mercury,  and  the  progressive  accu- 
mulation of  the  quicksilver  is  indicated  by  the  position  of  the 
graduated  iron  float,  k.    These  retorts,  like  those  employed  in 
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the  manufacture  of  gas,  are  constantlj  maintained  in  a  uniform 
state  of  ignition,  and  thus  the  damage  done  to  the  joints  is 
entirely  ohviated.  Each  retort  will  contain  a  chaige  of  ore 
weiffbuig  5  cwts-^firom  which  the  metal  is  almost  totally  expelled 
in  we  course  of  three  hours. 

This  apparatus  is  superior  in  principle  to  those  already  descrihed, 
and  is  said  to  be  particularly  adapted  for  the  treatment  of  the 
richer  varieties  of  ore. 


(4M) 


LEAD. 

Equiv.  =  103*56.     Densiiy  =  11*35. 

Lead  is  a  soft  metal  of  a  bluisb-grej  colour,  and,  when  recentlj 
cut,  poBsesses  a  strong  metallic  lustre  ;  on  exposure  to  the  air  it 
becomes  rapidly  tarnished,  and  acquires  a  superficial  coating  of 
the  carbonate  of  the  protoxide. 

Lead  is  both  malleable  and  ductile,  possessing  the  former  pro- 
perty to  a  considerable  degree ;  but  its  tenacity  is  inferior  to  that 
of  nearly  all  the  other  ductile  metals.  It  is  flexible  and  inelastic, 
and  fuses  at  about  612^  Fahr.  When  slowly  cooled,  imperfect 
octahedral  crystals  are  readily  obtained.  At  a  red  heat,  lead  be- 
comes sensibly  volatile,  but  not  to  a  sufficient  extent  to  admit  of 
its  distillation. 

When  kept  in  a  state  of  fusion,  in  contact  with  the  air,  rapid 
oxidation  takes  place.  At  first  the  surface  of  the  metallic  bath 
becomes  covered  by  an  iridescent  peUide,  which  is  quickly  con- 
verted into  a  powder  of  a  reddish-yellow  colour.  At  a  red  heat 
this  oxidation  of  the  metal  proceeds  with  great  rapidity ;  and  it 
becomes  necessary,  in  order  to  continue  the  operation,  that  the 
oxide  which  gradually  melts  should  be  drawn  off  for  the  puipose 
of  exposing  a  fresh  metallic  surfiice. 

Lead,  exposed  to  the  influence  of  a  damp  atmosphere,  quid^ly 
absorbs  oxygen,  and  when  acid  vapours  are  likewise  present,  this 
action  is  much  accelerated.  This  oxidation  of  the  mei»l  is  induced 
even  by  the  presence  of  the  weakest  acids,  and  particularlv  by 
carbonic  acid,  which  gives  rise  to  the  formation  of  an  oxide  which, 
by  subsequently  combining  with  the  acid  present,  affords  a  white 
carbonate  of  lead.  Even  cQstilled  water,  from  its  affinity  for  oxide 
of  lead,  determines  the  oxidation  of  that  metal ;  and  firom  this 
cause  leaden  cisterns  are  rapidly  conroded  when  used  as  reservoirs 
for  pure  water.  A  bar  of  lead,  placed  in  distilled  water  and  ex- 
posed to  the  air,  rapidly  becomes  coated  with  a  white  coating  of 
hydrated  oxide,  which  subsequently  absorbs  carbonic  add,  and  is 
thus  converted  into  a  hydrated  carbonate  of  lead,  which  frequently 
forms  distinct  nacreous  scales  on  the  surface  of  the  metal.  In 
these  cases  the  water  is  invariably  found  to  hold  a  portion  of  lead 
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in  solution,  which  is  readily  proYed  hj  its  becoming  brown  on 
passing  through  it  a  ciurent  of  sulphuretted  hydrogen  gas. 

From  the  tendency  exhibited  by  lead  to  form  soluble  salts,  it 
ought  never  to  be  used  for  the  manufacture  of  tanks  in  which 
water  for  domestic  purposes  is  to  be  kept,  a^,  from  the  poisonous 
nature  of  these  compounds,  the  worst  effects  have  frequently 
resulted. 

The  action  of  water  on  lead  is,  however,  found  to  be  much 
diminished  by  the  presence  of  small  quantities  of  various  salts, 
and  particularly  sulphate  of  lime,  which  has  the  property  of 
almost  entirely  preventing  the  oxidation  and  solution  of  this 
metal. 

The  lead  of  commerce  often  approaches  chemical  purity,  and  is 
then  extremely  soft  and  malleable.  When  lead  of  still  greater 
purity  is  required,  it  may  be  procured  by  reducing  in  a  lined  cru- 
cible oxide  of  lead  obtained  by  the  decomposition  of  crystallised 
nitrate  of  lead.  Lead  is  but  feebly  attacked  by  hydrochloric  acid, 
even  when  concentrated  and  boiling.  Weak  sulphuric  acid  does 
not  act  on  lead  when  the  air  is  excluded ;  but  if  heated  in  strong 
sulphuric  acid,  sulphurous  acid  is  eyolved  and  sulphate  of  lead 
formed.  The  only  proper  solvent  for  lead  is  nitric  acid,  which 
oxidises  it  rapidly,  and  forms  with  its  oxide  a  salt  readily  crystal- 
lising on  cooling  in  opaque  octahedrons. 
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Lead  is  rarely  found  in  a  native  state,  but  is  usually  in  combi- 
nation with  one  of  the  non-metallic  elements,  particularly  sulphur. 
It  also  occurs  with  oxygen,  selenium,  arsenic,  tellurium,  and  various 
acids.  The  ores  of  lead,  with  the  exception  of  plumbo-resinite, 
are  fusible  b^ore  the  blowpipe,  and  when  fluxed  with  a  little  car- 
bonate of  soda  on  a  charcoal  support,  yield  a  globule  of  metallic 
lead.  The  metal  thus  obtained  passes  off  in  Ernies  when  heated 
in  the  outer  flame,  and  stains  the  charcoal  of  a  yeUow  colour. 

Naofre  i^emA. — The  characters  of  native  lead  are  precisely  similar 
to  those  of  ordinaiy  commercial  lead.  It  is  a  rare  substance,  of 
which  specimens  have  been  found  associated  with  galena  in  the 
county  of  Kerry,  Ireland ;  and  in  an  argillaceous  rock  near  Car- 
thagena,  in  Spain.  Native  lead  has  also  been  procured  at  Alston 
Moor,  in  Cumberland,  where  it  occurs,  disseminated  with  galena, 
in  a  siliceous  rock. 

OxMe  •ci<eiUi$  Mossicot ;  BleiglatU. — Is  a  pulverulent  mineral 
of  a  bright  red  colour,  sometimes  mixed  with  yellow,  and  is  a  mix- 
ture of  different  oxides  of  lead,  affording  a  metallic  globule  when 

H  H 


466  LEAD. 

heated  on  a  charcoal  support  before  the  blowpipe.  It  usuallj 
occurs  associated  with  galena,  and  is  found  in  small  quantities  in 
many  lead  mines,  particularly  in  those  near  Aix-la-Chiyelle,  and 
at  Qrass  Chapel,  in  Yorkshire.  From  the  oomparatiTelj  small 
quantities  of  tiiis  ore  which  occur,  it  is  of  but  little  practical  im- 
portance to  the  metallui^t. 

ChiMMe  Af  i«cad|  Plmb chhnure;  SalzMnreB  Sid  wm  Memd^. 
— Chloride  of  lead  occurs  in  the  Mendip  Hills,  in  the  form  of 
lamellar  shining  masses,  of  a  grejish-white  colour.  It  is  usoaflj 
found  deposited  on  a  matrix  of  black  oxide  of  manganese,  and  has 
a  specific  graTity  of  7*07.  When  treated  before  the  blow^upe,  it 
de<»«pitate8,  and  fuses  into  a  globule  of  a  yeUowish-white  colour : 
if  heated  on  a  charcoal  support,  metallic  lead  is  obtained.  Its 
primitiye  form  appears  to  be  a  right  rhombic  prism  under  an  angle 
of  102*  27^  Tins,  although  an  exceedingly  rare  mineral,  is  like- 
wise found  in  the  Layas  of  Yesuyius. 

8«ipkMe  •riicad)  OoUna ;  Oalene;  Bld^am, — ^This  mineral 
crystallises  in  the  cubic  system,  and  occuv  both  in  the  primitiye 
and  yariously  modified  forms.  Its  cleayase,  which  is  roidilj  ob- 
tained, is  cubic,  and  extremely  perfect.  It  more  rarely  occurs  in 
a  finely  granular  state,  and  is  sometimes  found  in  fibrous  masses. 
Compact  specimens,  although  occasionally  met  with,  are  of  oom- 
paratiyely  rare  occurrence.  Its  ooloiur  and  streak  are  lead-grey ; 
iragile ;  lustre  metallic ;  specific  gravity  from  7'5  to  7*7.  When 
pure  it  is  composed  of  lead  86*55,  and  sulphur  13*45.  Its  com- 
position is  represented  by  the  formula  PbS.  The  lead  in  this 
mineral  is  almost  inyariably,  to  a  greater  or  less  extent,  associsted 
with  silver,  which  appears  to  replace  it  according  to  the  laws  of 
isomorphism.  When  silver  is  thus  present  in  the  ore,  it  receives 
the  name  of  argentiferous  galena,  and  becomes  a  valuable  source 
of  that  metal. 

The  analysis  of  an  argentiferous  galena  firom  Schemnitz  afforded 
to  Beudant  the  following  results : — 

Lead, 79*60 

Silver, 7*00 

Sulphur, 13*40 

10000 

It  also  frequently  happens  that  galena,  in  addition  to  the  sul- 
phide of  silver,  Hkewise  contains  variable  quantities  of  the  sul- 
phides of  antimony  and  bismuth.  The  first  of  these  substances 
often  appears  to  alter  in  a  certain  d^^ree  the  characters  of  the 
mineral ;  and  those  specimens  of  which  the  laminse  are  curved, 
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ae  well  as  those  which  present  a  bright  steely  fracture,  will  gene- 
rally, on  examination,  be  found  to  contain  this  metal. 

The  veins  producing  galena  occur  in  granite,  limestone,  argOla- 
oeouB,  and  sandstone  rodks,  and  frequently  yield  at  the  same  time 
ores  of  copper,  silver,  and  zinc.  The  mAtnx  on  which  this  ore  has 
been  deposited  is,  in  most  cases,  either  quartz,  carbonate  of  lime, 
fluor  spar,  or  sulphate  of  baryta.  The  rich  lead  mines  of  the  West 
of  England  occur  in  clay-slate ;  those  of  Derbyshire,  and  the  other 
northern  districts,  are  situated  in  limestone,  which  also  contains 
the  extensive  deposit  of  Bleyberg,  and  the  neighbouring  districts 
of  Carinthia.  In  the  Upper  Hartz,  and  at  !^rizibram  in  Bohe- 
mia, the  lead  mines  are  found  in  clay-slate;  at  Freyberg  in 
Saxony,  in  gneiss ;  at  Sahla  in  Sweden,  in  crystallised  limestone ; 
and  at  Lead  Hills  in  this  country,  in  grauwacke.  Valuable  depo- 
sits of  galena  are  also  worked  in  various  parts  of  France,  and 
particularly  at  Huelgoat  and  Poullaouen,  in  Brittany ;  at  Po^tgi- 
baud,  Puy-de-Ddme,  and  at  Yillefort  in  the  department  of 
Loz^.  In  Spain,  sulphide  of  lead  is  extracted  in  Catalonia, 
Grenada,  the  granite  hills  of  Linares,  and  elsewhere.  In  the 
Netherlands,  galena  occurs  at  Yedrin,  not  fax  from  Namur ;  in 
Savoy ;  Bohemia ;  at  Joachimstahl,  where  the  ore  is*  principally 
worked  for  silver;  and  in  Siberia,  where  argentiferous  galena 
occurs  in  limestone  in  the  Daoiuria  mountains.  Extensive  deposits 
of  this  ore  likewise  occur  in  the  United  States  of  America,  parti- 
cularly in  those  of  Missouri,  Illinois,  Iowa,  and  Wisconsin. 

Oupropbtmhite  is  a  variety  of  galena  containing  24*5  per  cent,  of 
sulphide  of  copper.    It  is  a  rare  mineral,  obtained  from  Chili. 

hufrenoysite  is  an  arsenical  ore  of  a  dark  steel-grey  colour,  from 
the  dolomite  of  St.  Qothard. 

SdaMe  of  lead;  CUxualhdUU  is  a  mineral  of  a  lead-^y  colour 
and  granular  fracture.  When  heated  before  the  blowpipe  it  gives 
off  the  odour  of  horse-radish.  It  occurs  in  quantities  too  small 
to  render  it  of  any  practical  value  as  an  ore  of  lead. 

€Mrtp—ffi  m€  licadi  PUmib  carbonate;  Bid  CarbonaL — ^This 
mineral  is  characterised  by  its  white  colour  and  adamantine  lustre. 
It  is  found  in  acicular  crystals,  in  radiated  and  compact  masses,  in 
ooncretionis,  and  in  earthy  deposits.  All  these  varieties,  with  the 
exception  of  the  last-mentioned  species,  possess  the  peculiar  lustre 
belonging  to  white  lead.  It  sometimes  happens  that  crystallised 
specimens  of  this  substance  are  nearly  black ;  this  arises  from  the 
presence  of  small  quantities  of  sulphide,  probably  due  to  the 
decomposition  of  galena,  with  which  carbonate  of  lead  is  usually 
found  associated.  It  is  an  extremely  brittle  mineral,  and,  when 
amorphous,  exhibits  a  conchoidal  fracture.  When  treated  with 
nitric  acid,  it  dissolves,  with  evolution  of  carbonic  acid  gas  :  before 
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the  blowpipe  it  decrepitateB,  but  when  heated  on  a  charooal  sop- 
port,  affords  a  button  of  metallic  lead.  Its  specific  gravity  varies 
from  6-46  to  6*48. 

Two  specimens  of  this  mineral  afforded  on  analysis  the  follow- 
ing per-centage  numbers : — 

CrystalB  from  Lead  HiDs,    CrpsUb  from  Teesdak, 
hy  Klaprotb.  by  J.  A.  Phinip8. 

Protoxide  of  lead         .    82      .       .      .      83*55 
Carbonic  acid  .     16      .       .       .       1652 
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These  results  indicate  a  carbonate  of  lead  having  the  fcMmula 
PbO,CO^  The  amorphous  and  friable  varieties  are  generally 
more  or  less  contaminated  by  siliceous  and  earthy  impurities. 
This  mineral  is  found  in  splendid  crystals  at  Lead  Hills,  Wan- 
lockhead,  and  in  some  of  the  Cornish  mines,  as  well  as  in  many 
other  locifdities.  When  abundant,  it  forms  a  most  valuable  ore  of 
lead,  and  frequently  yields  above  75  per  cent,  of  that  metal.  From 
its  dissimilarity  to  the  other  ores  of  lead,  it  was  for  a  long  time 
considered  by  miners  to  be  of  no  value ;  but  large  quantities,  whi(4i 
had  been  formerly  buried  in  rubbish,  are  at  the  present  time  being 
excavated  and  worked  with  great  advantage  in  many  of  the  Spanish 
mines,  as  also  at  different  points  of  the  valley  of  the  Misaiawppi, 
in  the  United  States  of  America. 

The  white  lead  of  commerce  so  extensively  used  as  a  pigment, 
is  a  carbonate  of  lead  containing  variable  quantities  of  the  hydrated 
oxide  of  the  same  metal.  For  this  purpose  it  is  prepared  arti- 
ficially by  exposing  metallic  lead  cast  into  thin  bars  to  the  united 
action  of  acetic  and  carbonic  acids,  by  which  means  the  sub-aoetate 
at  first  formed  is  n^idly  changed  into  carbonate  by  the  presence 
of  a  large  excess  of  carbonic  acid.  The  acetic  add  employed  is 
usually  obtained  by  the  destructive  distillation  of  wood,  whilst  a 
constjmt  supply  of  carbonic  acid  is  procured  by  the  decomposition 
of  thick  layers  of  spent  bark  from  the  tan-yard.  The  lead  to  be 
operated  on  is  laid  over  pots  containing  dilute  acetic  acid,  and 
after  being  loosely  covered  with  boards,  is  buried  in  tan  to 
the  depth  of  about  10  inches ;  on  this  is  again  placed  another 
series  of  pots  containing  acetic  acid :  these  are  covered  by  a  second 
layer  of  tan,  and  so  on  until  8  or  10  layers  have  been  placed  in 
the  stack,  which,  from  the  fermentation  which  is  ra{Hdiy  set  up, 
soon  begins  to  evolve  large  quantities  of  carbonic  acid.  This 
action  or  working  of  the  stack  continues  during  firom  10  to  12 
weeks,  and  when  it  has  nearly  ceased,  the  layers  of  tan,  lead,  and 
pots  are  successively  removed,  and  the  white  lead  formed  beat^ 
from  the  surface  of  the  unattacked  metal  to  which  it  adheres. 
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This  is  now  ground  in  a  mill  with  a  due  admixture  of  water,  and 
when  it  has  assumed  the  form  of  an  impalpable  paste  is  run  off 
into  laige  reservoirs,  where  it  deposits  in  accordance  with  its 
density.  The  wet  lead,  after  being  removed  from  these  cisterns, 
is  first  dried  in  large  stoves  by  a  steam  heat,  and  subsequently 
ground  in  oil  for  the  market. 

Sviphase  •€  t^trnd^  PUmh  sdfoti;  BkivitrioL — ^This  substance 
crystallises  in  right  rhombic  prisms,  which  have  an  imperfect 
lateral  cleavage,  and  are  often  slender  and  implanted.  Specimens 
of  sulphate  of  lead  in  amorphous  masses,  and  in  lamellar  and 
granular  fragments,  are  also  occasionally  found.  Its  colour  is 
white,  sometimes  inclining  to  grey  or  green.  Lustre  adamantine, 
vitreous,  or  resinous.  May  be  either  opaque  or  perfectly  trans- 
parent. When  pure,  it  consists  of  73  per  cent,  of  oxide  of  lead, 
and  17  of  sulphuric  acid.  If  heated  with  carbonate  of  soda  before 
the  blowpipe,  it  affords  a  globule  of  metallic  lead.  Its  composi- 
tion is  represented  by  the  formula  PbOjSOj. 

This  mineral  is  usually  associated  with  galena,  by  the  oxidation 
of  the  elements  of  which  it  appears  to  be  &rmed. 

Fine  specimens  of  this  ore  are  found  in  the  lead  mines  at  Lead 
Hills  and  Wanlockhead,  as  well  as  at  Huelgoat  in  France,  and  in 
the  States  of  Missouri  and  Wisconsin  in  America :  it  does  not, 
however,  occur  in  sufficient  quantities  to  be  regarded  as  an  im- 
portant ore  of  lead.     Its  density  is  about  6*3. 

Cupreous  Anglesite  is  a  hydiated  blue  double  sulphate  of  lead 
and  copper,  sparingly  found  at  Lead  Hills  and  Roughton  Gill. 

]Ph«q»iMte  Af  liMd  j  Plomb  pkospkoU;  Buntbleierz. — This  min- 
eral occurs  in  hexagonal  prisms  of  a  bright  green  or  brown  colour. 
These  crystals,  which  have  a  lateral  cleavage,  are  often  nearly  trans- 
parent, and  have  sometimes  a  fine  orange-yellow  coloiur,  derived 
from  the  presence  of  chromate  of  lead.  This  mineral  has  a  specific 
gravity  varying  from  6*5  to  7'1,  and  affords  a  white  streak. 

Besides  being  found  in  crystals,  it  sometimes  occurs  in  globules 
and  reniform  masses,  with  a  radiated  structure.  The  composition 
of  two  specimens  of  this  substance  examined  by  Karsten  proved 
to  be  88  follows  : — 

From  Bohemia.  From  Ck>mwalL 

Phosphate  of  lead  .  .  89268  .  .  .  89110 
Chloride  of  lead  .  .  9918  .  .  .  10074 
Phosphate  of  lime .  .  0771  .  .  .  0682 
Fluoride  of  calcium     .      0137  .     .      0130 


100'094i  99*996 

This  composition  indicates  the  presence  of  three  equivalents  of 
phosphate  of  lead  united  to  one  equivalent  of  the  chloride  of  the 
same  metal.     Phosphate  of  lead  is  found  in  many  of  the  lead 
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mines  in  this  country,  and  particularly  in  those  of  Cornwall, 
Lead  Hills,  and  Wanlockhead.  The  phosphate  of  lead  from 
Huelgoat,  in  Brittany,  contains  large  quantities  of  alumina. 

AraenicUe  of  Lead  much  resembles  in  appearance  the  phosphate 
of  that  metal,  but  when  heated  evolves  the  odour  of  garlic. 

A  double  phosphate  of  lead  and  lime,  containing  small  quantltiea 
of  chlorine  and  arsenic,  has  been  found  in  Sweden. 

€h*MMrt«  •€  I<cii4  is  a  mineral  of  a  bright-red  colour,  whi(^ 
crystallises  in  oblique  rhombic  prisms,  and  blackens  before  the 
blowpipe ;  when  heated  on  a  charcoal  support,  it  forms  a  shining 
slag  containing  numerous  globules  of  metallic  lead.  It  has  a 
specific  gravity  of  about  6%  and  when  treated  by  nitric  acid  affords 
a  yellow  solution. 

A  specimen  of  chromate  of  lead,  analysed  by  Berzelius,  gave  Hie 
following  results : — 

Oxide  of  lead 68*50 

Chromic  acid 31*50 

It  follows  from  the  above  numbers,  that  this  mineral  is  a  simple 
chromate  expressed  by  the  formula  PbO,  CrO|.  Chromate  of  lead 
is  the  chrome  yellow  of  painters,  but  is  for  this  purpose  artificially 
prepared  by  adding  a  solution  of  chromate  of  potash  to  a  solubk 
salt  of  lead.  It  occurs  in  small  quantities  only,  and  is  chiefly 
obtained  from  Brazil  and  Beresof  in  Siberia. 

yi«mfc<  rwicwitc  is  a  rare  ore  of  lead,  obtained  at  Huelgoat  in 
Brittany,  and  fix>m  the  Missouri  mines  in  the  United  S^tes  of 
America.  A  specimen  of  this  substance  from  Huelgoat,  analysed 
by  Berzelius,  was  found  to  be  constituted  as  follows : — 

Oxide  of  lead  40-14.  Alumina  3700.  Water  18' 80.  Insoluble 
gangue  260.  This  mineral  has  a  yellowish  or  reddish-brown  col- 
our, and  possesses  a  lustre  much  resembling  that  of  gum  arafaic. 

All  the  other  minerals  containing  lead  are  more  or  less  rare, 
and  in  no  instance  occur  in  sufficient  abundance  to  allow  of  being 
metallurgically  treated  as  ores  of  this  metaL 

SSTIMATIOK  OF  LEAD,  AlTD  ITS  SEPAKATIOlfr  FBOM  OTHXB  METALS. 

This  metal  is  usually  estimated  by  chemists  in  the  form  of  sul- 
phate, although  it  is  sometimes  weighed  as  anhydrous  protoxide.^ 
Lead  is  also  frequently  precipitated  fix)m  its  solution  in  the  state 
of  carbonate  by  the  addition  of  an  alkaline  carbonate.  The  pre- 
cipitate which  is  thus  obtained  is.  afterwards  heated  to  redness  in 
a  porcelain  crucible  and  weighed  as  protoxide.  To  prevent  any 
error  which  might  occmr  in  the  result  through  the  reduction 

1  Sulphate  of  lead  contains  68*26  per  cent,  and  oxide  of  lead  92-83  per  cent 
of  metallic  lead. 
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any  portion  of  the  oxide  thus  obtained,  a  drop  of  nitric  add  should 
be  added  to  the  oxide  after  its  ignition ;  on  again  heating  this, 
the  nitrate  of  lead  at  first  produced  is  entirely  decomposed,  and 
pure  protoxide  fit  for  weiglung  is  the  result.  Precipitated  carbo- 
nate of  lead  should  not,  however,  be  calcined  in  a  platinum  vessel, 
as,  however  carefully  the  matter  may  have  been  separated  from  the 
filter  on  which  it  has  been  collected,  small  filaments  of  the  paper 
are  liable  to  remain  in  contact  with  it,  and  these,  by  effecting  the 
reduction  of  a  portion  of  the  oxide,  would  cause  the  destruction 
of  the  vessel  in  which  the  operation  is  conducted.  In  calcining 
the  carbonate  employed  in  the  estimation  of  this  metal  it  should 
first  be  carefully  removed  from  the  filter,  which  is  to  be  burned 
apart,  and  its  ashes  added  to  the  calcined  carbonate ;  since,  if  this 
precaution  were  not  attended  to,  a  large  proportion  of  the  result- 
mg  oxide  would  be  reduced  by  the  carbon  of  the  filter.  When 
sulphate  of  lead  is  to  be  calcined,  the  operation  may  be  conducted 
in  a  platiuum  crucible,  provided  that  the  portion  which  separates 
readily  from  the  filter  be  alone  introduced.  The  filter,  with  its 
adhering  sulphate,  should  then  be  placed  in  a  porcelain  crucible, 
and  igmted ;  to  the  residue  thus  obtained  a  drop  of  sulphuric  acid 
is  subsequently  added,  and  after  heating  to  redness,  the  residue 
may  be  considered  as  sulphate  of  lead,  and  its  weight  added  to 
that  of  the  portion  detached  firom  the  filter  at  the  commencement 
of  the  operation. 

Lead  is  separated  from  the  alkaline  metals  either  by  a  current 
of  sulphuretted  hydrogen  gas,  or  by  the  addition  of  a  soluble 
sulphate  or  carbonate.  It  is  separated  firom  magnesia,  alumina, 
iron,  manganese,  chromium,  cobalt,  nickel,  zinc,  and  many  other 
bodies,  by  the  alkaline  sulphates  or  sulphuretted  hydrogen.  Cad- 
mium and  copper  are  separated  from  lead  by  the  addition  of  an 
alkaline  sulphate  to  their  solution  in  nitric  acid.  From  titanium, 
lead  is  separated  by  pasong  a  current  of  sulphuretted  hydrogen 
through  their  strongly  acid  solution,  by  which  means  the  lead  is 
entirely  precipitated  as  sulphide,  whilst  the  titanium  remains  in 
solution.  Lead  is  separated  from  tin  by  first  precipitating  together 
the  two  metals  by  a  carbonated  alkali,  and  then  treating  the  cal- 
cined precipitate  with  nitric  acid.  By  this  means  the  oxide  of 
lead  is  dissolved  in  the  form  of  nitrate,  whilst  the  tin  remains  in 
the  state  of  insoluble  stannic  add.  This  is  separated  by  filtra- 
tion, washed  with  distilled  water,  dried,  and  weighed. 

ASSAY  07  LEAD  OSES. 

The  ores  of  lead  may,  for  the  purposes  of  assay,  be  divided 
mto  two  classes. 
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\  to  add  about  10  per  cent,  of  carbonate  of  soda,  by  which  the 
adherence  of  any  metallic  globules  to  the  charcoal  linmg  is  ^Eiec- 
tually  prevented.  This  method,  although  requiring  a  longer  time 
than  those  already  described,  does  not,  even  when  rich  ores  are 
operated  on,  afford  more  satisfactory  results. 

When  the  mineral  operated  on,  in  addition  to  lead,  containa 
other  metals, — ^such  as  copper,  silver,  tin,  or  antimony,  the  button 
obtained  will  retain  a  greater  or  less  proportion  of  these  substances 
in  the  form  of  an  alloy.  If  zinc  be  present  in  the  ore,  traces  only 
of  that  metal  will  be  discovered  in  the  resulting  button  of  lead, 
provided  that  the  assay  has  been  sufficiently  heated:  thisyhowevor, 
carries  off  a  small  portion  of  the  lead.  The  oxide  of  iron  contained 
in  the  ore  is  also  reduced  to  the  metallic  state  during  the  assay, 
but,  unless  too  strong  a  heat  has  been  employed,  it  remains  in 
suspension  in  the  slag.  For  commercial  purposes  the  resulting 
button  of  lead  is  8el<K>m  subjected  to  a  chemical  examination,  as 
the  purity  of  the  metal  is  usually  judged  of  in  accordance  with  its 
colour  and  softness ;  but  when  a  more  accurate  knowledge  of  its 
constituents  is  required,  it  must  be  made  to  undei^  uie  usual 
routine  of  metallurgic  analysis.  The  carbonates  of  lead,  which 
are  imported  into  this  country  from  Spain,  are  among  the  most 
impor^t  minerals  belonging  to  this  class,  and  are  often  ex- 
tremiely  rich  in  silver. 

Trwif  BBi  Af  Opm  mr  Ike  Bwdi  cibm. — ^This  class  not  Only 
comprehends  galena,  which  is  the  most  common  and  abundant 
ore  of  lead,  but  also  comprises  the  sulphides  resulting  from  various 
metallurgical  processes,  as  well  as  the  sulphates,  phosphates,  and 
arseniatM  of  that  metal. 

Qalena, — The  assay  of  this  ore  of  lead  is  variously  conducted 
by  different  metallurgists ;  but  one  of  the  following  methods  is 
at  present  most  commonly  employed  for  conmiercial  purposes. 

The  ore  to  be  examined,  after  having  been  properly  crushed  and 
sifted,  is  fused  either — 

Firstly,  with  carbonate  of  soda,  black  flux,  or  cream  of  tartar. 

Secondly,  with  metallic  iron. 

Thirdly,  with  carbonate  of  soda  or  black  flux,  and  iron. 

Fourthly,  with  a  mixture  of  nitre  and  carbonate  of  soda. 

First  Meihod^-Fusion  with  an  Alkaline  Flux, — ^This  operation 
is  conducted  in  an  earthen  crucible,  which  is  to  be  left  uncovered 
until  its  contents  are  reduced  to  a  state  of  tranquil  fusion. 

The  powdered  ore,  after  being  mixed  vrith  three  times  its  weight 
of  dry  carbonate  of  soda,  is  slowly  and  gradually  heated  in  an  ordi- 
nary assay  furnace  until  the  mixture  has  become  perfectly  liquid, 
when  the  crucible  is  removed  from  the  fire,  and,  after  having  been 
gently  tapped  to  coUect  any  globules  of  metal  which  may  be  in 
suspension  in  the  slag,  is  set  aside  to  become  cooL    When  cold. 
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the  cracdble  is  broken,  and  a  button  of  metallic  lead,  which  must 
be  cleaned  and  weighed,  will  be  found  at  the  bottom. 

Instead  of  carbonate  of  soda,  carbonate  of  potash  or  black  flux 
may  be  used ;  but  when  the  last-named  substance  is  employed,  a 
little  longer  time  is  necessary  for  the  complete  fusion  of  the  mix- 
ture. Every  100  parts  of  pure  galena  will  by  this  method  afford 
from  75  to  77  parts  of  metallic  lead,  indicating  a  loss  of  from  7  to 
10  per  cent,  on  the  contents  of  the  ore. 

&me  of  the  older  metallurgists  were  in  the  habit  of  first  expell- 
ing the  sulphur  by  roasting,  and  afterwards  reducing  the  resulting 
oxide  with  about  its  own  weight  of  black  flux. 

This  process,  from  the  extareme  fusibility  of  the  sulphides  and 
oxides  of  lead,  requires  very  careful  manipulation,  and  at  the  best 
the  results  obtained  are  far  from  satbfactory.  Pure  galena,  by 
this  method,  can  rarely  be  made  to  afford  above  70  per  cent,  of 
metallic  lead. 

Second  Method — Ikimon  with  Metallic  Iran. — This  process  de- 
pends on  the  circumstance,  that  when  galena  is  fused  in  contact 
with  metallic  iron,  that  metal  becomes  converted  into  protosul- 
phide,  whilst  the  lead  originally  combined  with  the  sulphur  is  at 
the  same  time  liberated.  The  amount  of  iron  rigorously  required 
for  the  decomposition  of  pure  sulphide  of  lead  is  22*6  per  cent. ; 
but  it  is  found  advantageous  in  practice  to  add  a  small  excess  of 
this  metal,  and  80  parts  of  iron  to  every  100  parts  of  galena  are 
therefore  commonly  employed. 

The  iron  used  should  be  either  in  the  form  of  small  naik  or  fine 
wire  cut  into  short  pieces.  This  mixture  of  ore  and  metalhc  iron 
is  placed  in  an  earthen  pot,  of  which  it  should  fill  about  two- 
thmls  the  capacity,  and  is  covered  with  a  thin  layer  of  either  car- 
bonate of  soda  or  borax.  .  The  crucible  and  its  contents  are  after- 
wards heated  to  full  redness,  by  which  a  well-fused  and  perfectly 
liquid  slag  is  produced.  When  the  contents  of  the  pot  are  observed 
to  be  in  a  state  of  tranquil  fusion,  it  is  removed  from  the  furnace 
and  aUowed  to  cool.  It  is  then  broken,  and  at  the  bottom  will  be 
found  a  button,  which  at  first  sight  appears  to  have  throughout  a 
uniform  composition,  but  on  bemg  struck  vrith  a  luunmer  readily 
separates  into  two  distinct  parts.  The  upper  portion  consists  of  a 
bronze-coloured  sulphide  of  iron,  which  at  once  crumbles  under 
the  hammer  and  is  readily  removed ;  whilst  the  lower  part  consists 
of  a  button  of  malleable  lead,  which  must  be  carefully  cleaned  and 
weighed.  This  process  affords,  from  pure  galena,  about  78  per 
cent,  of  metallic  lead :  the  loss  appears  to  arise  principally  from  the 
volatility  of  the  galena,  which  begins  to  be  driven  off  at  a  lower 
temperature  than  that  required  for  its  decomposition  by  the  iron. 

In  the  mining  districts  of  North  Wales  this  method  of  assay  is 
conducted  in  a  manner  somewhat  different  to  that  just  described. 
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Instead  of  adding  finely-divided  iron  to  the  ore,  the  pounded  minenl 
is  itself  heated,  and  without  the  addition  of  anj  kind  of  flux,  in  a 
ladle  made  of  that  metal.  This  ladle  or  dish  ia  formed  oofc  of  a 
thick  piece  of  sheet  iron  and  provided  with  a  lip,  hy  whii^  the 
reduced  metal  ia  to  be  poured  of£,  and  a  short  shank  for  a^rding 
a  better  holdfinst  to  the  tonga  by  which  it  ia  to  be  removed  from 
the  fire.  The  ore  to  be  operated  on  ia  first  ooanely  powdered  and 
weU  mixed,  so  as  to  ensure  a  fair  sample :  eight  ounces  are  now 
weighed  out  and  placed  in  the  dish,  which  is  covered  with  a  lid  of 
thin  sheet  iron,  and  gently  heated  in  the  fire  of  a  smithes  foige  imtil 
the  ore  ceases  to  decrepitate.  The  temperature  is  then  raised  to 
full  redness,  and  at  the  expiration  of  about  fifteen  or  twenty  minutes 
the  decompositidn  of  the  sulphide  will  be  completed.  At  this 
point  the  dish  is  removed  from  the  fire  and  the  reduced  lead  poured 
out  into  a  mould  of  cast  iron,  whilst  the  alags  and  sulphide  of  iron 
formed  are  kept  back  in  the  dish  by  a  piece  of  wood  held  before 
the  spout  for  that  purpose.  The  dish,  together  with  the  slags  and 
sulphide  of  iron,  is  afterwards  again  placed  in  the  fijne  and  heated 
to  bright  redness,  by  which  the  last  portions  of  metallic  lead 
adhering  to  the  scoria  are  obtained.  The  contents  of  the  dish  are 
now  thrown  away,  as  not  containing  any  further  amount  of  lead, 
whilst  the  metal  which  has  been  run  off  is  carefully  weighed.  This 
apparently  rude  method  affords,  in  experienced  hands,  remaikably 
good  results,  and  which  are  likewise  considered  to  approach  very 
nearly  to  the  practical  returns  obtained  during  the  metallurgic 
treatment  on  the  large  scale.  By  this  process,  pure  galena  yields 
from  79  to  83  per  cent,  of  lead ;  but  with  the  poorer  yarieties  of 
ore,  such  as  those  obtained  from  some  of  the  Cornish  mines,  it  is 
exia%mely  doubtfiil  whether  satisfactory  results  could  be  obtained, 
since,  firom  the  infiisibility  of  the  associated  gangue,  numerous 
metallic  globules  would  certainly  be  retained  in  the  scoriffi.  The 
ladles  used  for  this  purpose  are  rudely  made  of  thick  sheet  iron, 
which  if  about  l-4th  of  an  inch  in  thickness,  will  last  during  three 
or  four  separate  assays. 

Third  Method— Fusum  with  Carbonate  of  Soda  or  Black  Flux 
and  Metallic  Iron. — ^When  galena  and  carbonate  of  soda  are  fused 
together  out  of  contact  with  the  air,  a  large  proportion  of  the  lead 
is  liberated  in  the  metallic  form,  but  the  scona  still  retains  a  cer- 
tain amount  of  that  metal  in  the  state  of  a  double  sulphide  of  lead 
and  the  alkaline  metal. 

If  finely-divided  iron  be  now  introduced,  tiie  sulphide  of  lead 
contained  in  the  slag  will  be  decomposed ;  metallic  lead  is  liberated, 
and  the  slag  contains  a  double  alkaline  sulphide,  in  which  iron 
will  have  replaced  the  lead  formerly  present.  The  earthy  and 
siliceous  matter  constituting  the  gang^ue  are  also  dissolTcd  in  the 
slag,  without,  to  any  great  extent,  impairing  its  fluidity. 
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The  quantity  of  black  flux  or  carbonate  of  soda  employed  varies 
with  the  richness  or  sterility  of  the  ore  operated  on ;  but  even  for 
the  poorest  varieties  two  psurts  of  the  alkaline  reagent  will  usually 
be  found  sufficient.  The  iron,  which  is  merely  used  to  separate 
that  part  of  the  lead  which  has  been  dissolved  by  the  aLkaJi  in  the 
state  of  sulphide,  need  not  be  present  in  sufficient  amoimt  to 
effect  the  reduction  of  the  whole  of  the  lead  contained  in  the  ore 
treated.  Two  parts  of  black  flux  or  carbonate  of  soda,  and  from 
10  to  15  per  cent,  of  metallic  iron,  either  in  the  state  of  filings  or 
in  the  form  of  small  nails,  will  be  found  a  convenient  quantity  to 
effect  this  purpose. 

When  the  fusion  is  made  with  black  flux,  and  the  iron  is  in  the 
state  of  filings,  it  will  be  proper  not  to  add  too  large  an  excess, 
especially  if  the  assay  be  conducted  at  a  very  high  temperature,  as 
in  that  case  the  resulting  button  of  lead  will  contain  a  portion  of 
iron.  If,  however,  carbonate  of  soda  be  employed,  the  addition  of 
a  small  excess  of  iron  is  attended  with  advantage,  as  it  ensures  the 
complete  desulphuration  of  the  galena  without  affecting  the  purity 
of  the  lead  obi»ined. 

Iron  filings,  when  employed  for  this  purpose,  are  also  liable  to 
become  mechanically  intermixed  with  the  lead  obtained,  and 
thereby,  to  a  certain  extent,  fakiiy  the  results.  This  inconvenience 
is  obviated  by  the  use  of  small  iron  nails,  which  are  corroded  only 
on  the  outside,  and,  at  the  termination  of  the  assay,  are  found 
fixed  in  the  upper  surface  of  the  button,  from  which  they  can 
without  much  difficulty  be  separated.  Pure  galena,  when  thus 
treated,  yields  from  75  to  78  ^r  cent,  of  metafile  lead. 

MitcheU,  in  his  Manual  of  Assaying,  recommends  the  following 
process,  which  is  a  slight  modification  of  that  long  employed  at 
the  Ecole  des  Mines.  Two  earthen  crucibles  are  prepared  by 
smearing  their  insides  with  black  lead,  such  as  that  used  for 
domestic  purposes,  and  in  each  of  these  are  placed,  with  their 
heads  downwards,  three  or  four  ten-penny  nails.  Mix  the  ore  to 
be  assayed  with  its  own  weight  of  carbonate  of  soda,  and,  after 
having  placed  it  in  the  pots,  press  it  tightly  down  about  the  nails. 
On  the  top  of  this  place  about  half  an  ounce  of  common  salt,  and 
above  it  an  amount  of  dried  borax  equivalent  to  the  weight  of  the 
ore  operated  on.  The  whole  is  now  introduced  into  the  fiimace 
and  gradually  heated  to  redness ;  at  the  expiration  of  ten  minutes 
the  temperature  is  increased  to  bright  redness,  at  which  it  is  kept 
for  another  ten  minutes,  when  the  flux  will  be  fiised  and  present 
a  perfectly  smooth  siuikce.  When  this  has  taken  place,  the  pot 
is  removed  from  the  fire,  and  the  nails  are  separately  withdrawn 
by  the  use  of  a  small  pair  of  crucible  tongs,  care  being  taken  to 
well  wash  each  in  the  fluid  slag  until  perfectly  free  from  any  ad- 
hering lead.   When  the  n^s  have  all  been  withdrawn,  the  pot  is 
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genUy  tapped,  to  collect  the  metal  into  one  button,  and  then  laid 
aside  to  cool ;  after  which  it  is  broken,  and  the  button  of  lead  re- 
moved and  cleaned  in  the  usual  way.  The  result  is  th^i  verified 
by  a  second  assay  made  in  the  other  pot. 

When  carefully  conducted,  this  process  is  said  to  afford  from 
84  to  84{  per  cent,  of  metallic  lead  from  pure  galena.  It  is, 
however,  liable  to  the  objection,  that  the  lead  produced  freqnenUj 
contains  fragments  of  iron,  arising  from  the  circumstance  that  the 
nails  are  most  energetically  acted  on  at  the  point  of  contact  be- 
tween the  flux  and  the  galena,  which,  when  the  slag  becomes 
fused,  occupies  the  lower  portion  of  the  crucible ;  and  by  this 
means  portions  of  iron  become  detached  and  frequently  adhere 
firmly  to  the  button,  from  which  there  is  sometimes  considerable 
difficulty  in  removing  them.  In  my  own  experiments  I  have 
never  obtained  by  this  process  above  82  per  cent,  of  metal  from 
the  purest  specimens  of  galena,  but  it  notwithstanding  affoirds 
results  sufficiently  accurate  for  many  commercial  purposes. 

Instead  of  adiUng  metallic  iron  to  the  mixture  of  ore  and  flux 
introduced  into  the  crucible,  I  have  myself  found  it  better  that 
the  pot  itself  should  be  made  of  that  metal. 

For  this  purpose,  a  piece  of  half-inch  plate-iron,  of  good  quality, 
is  turned  up  in  the  form  of  a  crucible  and  carefrdly  welded  at  the 
edges ;  the  bottom  is  closed  by  a  thick  iron  rivet,  which  is  securely 
welded  to  the  sides,  and  the  whole  is  then  finished  up  with  a  light 
hammer  on  a  properly-formed  mandriL  The  crucible,  when  finished, 
should  have  the  form  represented  fig.  178.  To  make  an  assay 
in  a  crucible  of  this  description,  it  is  first  heated  to 
dull  redness,  and,  when  sufficieutly  hot,  the  pow- 
dered ore,  intimately  mixed  with  its  own  weight  of 
carbonate  of  soda,  and  half  its  weight  of  crude  tartar, 
is  introduced  by  means  of  a  long  copper  spout  of 
the  form  represented  fig.  179.  (hi  the  top  of  this 
^^^*  is  placed  a  thin  layer  of  dried  borax,  and  the  cru- 

cible, which,  for  the  introduction  of  the  mixture,  has 
been  removed  firom  the  fire,  is  immediately  replaced.  The  heat  is 
now  gradually  raised  to  dull  redness,  during  which  time  the  oon- 
tents  gradually  become  liquid  and  give  off  large  quantities  of  gas. 
At  the  expiration  of  from  eight  to  ten  min- 
utes the  mixture  will  be  observed  to  be  in 
a  state  of  tranquil  fiision,  and  the  pot  is 
now  partially  removed  from  the  fire  and  its 
contents  briskly  stirred  with  a  small  iron 
179.  rod ;  any  matters  adhering  to  its  sides  are 

also  scraped  down  to  the  bottom  of  the  pot,  which,  after  being  again 
placed  in  a  hot  part  of  the  fiimace,  is  closed  with  an  earthen  cover 
and  heated  during  three  or  four  minutes  to  bright  redness.     The 
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cmcible  is  then  seized  by  a  strong  pair  of  bent  tongs  on  that  part 
of  the  edge  which  is  opposite  the  projecting  lip,  a,  and  after  being 
removed  from  the  fire  its  contents  are  rapidly  poured  into  a  cast 
iron  mould  of  the  form  represented  fig.  180.    Another  form  of 
this  mould  is  represented  ^.  181.     The  sides  of  the  pot  are  now 
carerftdly  scraped  down  with  a  chisel-edged  bar 
of  iron,  and  the  adhering  particles  of  slag  and 
metallic  lead  added  to  the  portion  first  obtained, 
by  sharply  striking  the  edge  of  the  pot  firmly 
held  in  the  jaws  of  the  tongs  against  the  top  of 
the  cast  iron  mould.     When  sufficiently  cooled, 
tiie  contents  of  the  mould  are  readily  removed, 
and  the  button  of  lead,  afber  being  separated  from 
the  adhering  slag,  is  carefully 
cleaned  and  weighed.  Bythu 
process  pure  guena  yields  on 
an  average  84  per  cent,  of  me- 
tallic lead,  free  from  iron  and 
perfectly  malleable.   This  me-  i 
thod  of  assaying  is  that  in> 
almost  univeraal  use  in  all  lead- 
smelting  establishments,  and  1^1* 
has  the  advantage  of  yielding  good  results  with  the  whole  of  the 
various  ores  belonging  to  the  second  class.     A  larger  amount  of 
lead  is,  however,  obtamed  by  assay  than  can  be  procured  from  the 
same  ores  in  the  large  way,  and  on  this  accoimt  tne  smelter  usually 
makes  an  allowance  of  from  3  to  5}  per  cent.,  in  accordance  with 
the  nature  of  the  mineral  to  be  treated. 

Instead  of  using  iron  pots,  or  adding  metallic  iron  to  the  ores 
under  examination,  they  may  be  frised  with  a  mixture  of  black 
flux  and  oxide  of  iron  or  adnc,  in  which  case  a  portion  of  iron  or 
zinc  is  reduced,  and  the  results  before  described  obtained.  This 
method,  however,  does  not  often  afford  satis&ctory  results,  and 
is  not  so  convenient  as  the  processes  in  which  metallic  iron  is 
employed. 

The  protosulphides  of  iron  and  zinc,  when  heated  with  galena 
and  an  alkaline  carbonate,  are  partially  decomposed,  with  the 
liberation  of  a  certain  portion  of  these  metals,  in  the  metallic 
form,  and  consequently  the  assay  of  ores  contuning  sulphide  of 
lead  may  be  conducted  by  the  aid  of  these  reagents.  This  pro- 
cess, like  the  last,  is  however  too  inconvenient  to  admit  of  practical 
i^hcation,  and,  besides,  does  not  afford  satisfactory  results. 

Fofwrth  Method^Fusion  vrUh  Carbonate  of  Soda  and  NUre,— 
When  galena  is  treated  with  nitrate  of  potash,  the  whole  of  its 
sulphur  is  converted  into  sulphuric  acid  before  any  portion  of  the 
lead  begins  to  be  oxidised,  and  it  consequently  follows  that  if  a 
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suitable  amount  of  nitre  were  employed,  the  desulphurstdon  of 
the  mineral  will  be  completely  effected,  and  the  whole  of  the  lead 
obtained  in  the  metallic  state.  To  prevent  any  loss  which  might 
arise  firom  the  deflagration  which  takes  place,  the  ore  ia  mixed 
with  twice  its  weight  of  carbonate  of  soda,  and  to  this,  in  accord- 
ance with  the  richness  of  the  ore,  is  added  from  30  to  35  per  cenl 
of  nitrate  of  potash.  When  too  large  a  quantity  of  nitre  is  em- 
ployed, a  portion  of  the  metal  will  be  oxidised,  and  remain  in  the 
slag,  causing  a  corresponding  deficiency  in  the  weight  of  the 
metallic  lead,  and  therefore,  as  the  right  amount  can  only  be  as- 
certained by  numerous  experiments,  this  process  is  but  badly 
calculated  for  estimating  the  lead  contained  in  the  mineraL 

When,  on  the  contrary,  an  ore  contains  silver,  and  that  metal 
only  is  to  be  estimated,  regardless  of  the  amount  of  lead  present, 
this  process  ma^  sometimes  be  employed  with  considerable  advan- 
tage, although  it  is  generally  less  to  be  recommended  than  fusion 
with  tartar  and  carbonate  of  soda,  in  a  wrought  iron  pot,  as  before 
described.  The  assay  by  this  process  is  very  easily  conducted ; 
the  fusion  takes  place  readily,  and  without  any  bubbling,  and  the 
slag,  which  is  very  liquid,  contains  no  metallic  globules.  In  con- 
ducting this  operation,  the  amount  of  nitre  should,  if  possible,  be 
so  arranged  as  to  afford  the  greatest  quantity  of  metallic  lead,  but 
it  is  of  especial  importance  that  enough  to  destroy  the  whole  of 
the  sulphide  be  employed,  as  should  the  slag  retain  any  unoxidised 
sulphur  compound,  a  notable  loss  of  silver  will  be  experienced. 
If,  on  the  other  hand,  too  large  a  proportion  of  nitre  has  been 
made  use  of,  the  accuracy  of  the  sdver  estimations  will  not  be 
impaired,  as  the  lead  alone  becomes  oxidised,'  and  the  whole  of  the 
silver  is  contained  in  the  residual  metallic  button. 

AMar  af  CtaknuM  c«atidittac  Amtiatmmf. — ^Many  of  the  ores  of 
lead  likewise  contain  a  certain  proportion  of  sulphide  of  antimony, 
and  from  such  minerals  the  assayer  can  either  obtain  pure  lead,  or 
a  mixture  of  the  two  metals  in  the  form  of  an  alloy. 

To  extract  pure  lead  the  mineral  may  be  fused  in  an  open 
crucible,  with  twice  its  weight  of  carbonate  of  soda,  when  the  lead 
will  be  liberated  in  the  metallic  form,  whilst  the  antimony,  by 
becoming  oxidised,  unites  with  the  alkaline  base,  and  remains 
whoUy  suspended  in  the  slag.  The  presence  of  antimony  in  the 
slag  wiU  also  prevent  its  retaining  any  portions  of  the  lead,  and 
from  this  cause  a  tolerably  exact  separation  of  the  two  metals  is 
readily  obtained. 

When,  in  addition  to  lead  and  antimony,  the  ore  contains  silver, 
it  should  be  assayed  by  being  heated  with  a  mixture  of  carbonate 
of  soda  and  nitre,  by  which  the  whole  of  the  antimony  will  he 
oxidised  and  retained  in  the  slag,  whilst  the  lead  and  silver  are 
obtained  in  the  state  of  an  alloy.   In  this  case  it  is  only  neoessaiy  to 
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add  a  sufficient  amount  of  nitre  to  effect  the  total  decomposition 
of  the  sulphide,  as  when  the  whole  of  the  antimony  and  a  portion 
of  the  lead  has  heen  oxidised,  no  loss  of  silver  (which  combines 
with  the  remaining  lead)  is  experienced,  but  when,  on  the  con- 
trary, the  slags  still  contain  undecomposed  sulphide  of  antimony, 
a  large  proportion  of  the  silver  escapes  reduction  to  the  metallic 
state. 

When  it  is  required  to  reduce  at  the  same  time  both  the 
antimony  and  lead,  the  ore  may  either  be  fused  with  black  flux,  in 
an  earthen  crucible,  or  be  melted  in  an  iron  pot,  according  to  the 
process  before  described. 

The  sulphates  of  lead  are  readily  reduced  by  simple  fusion  with 
carbonate  of  soda  in  an  earthen  crucible,  but  when  phosphorus 
and  arsenic  are  present  in  ores  of  this  metal,  their  assay  should 
always  be  conducted  in  an  iron  pot,  with  a  proper  admixture  of 
carbonate  of  soda  tartar,  and  fused  borax. 

For  commercial  purposes  lead  assays  are  estimated  in  relation 
to  the  quantity  of  metal,  in  cwts.  &c.  contained  in  one  ton  of  the 
ore  treated.  These  calculations  are  dispensed  with  by  the  use  of 
the  following  table,  in  which  the  quantity  of  ore  operated  on  is 
supposed  to  be  400  grains. 


Ass\Y  Table  for  Lead  Obes. 
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Weight  of 

MetalinaTon 
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Weight  of 

MetalinaTon 

of  Ore 
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Weight  of 

MetalinaTon 

of  Ore. 

ir 

1 

S  6 
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g«- 

cwt8.q8.  lbs. 

g«. 

cwts.  qs.  lbs. 

g«- 

cwts.qs.  lbs. 

glK 

cwts. 

q&lbs. 

60 

3     0     0 

80 

4     0     0 

100 

5     0     0 

120 

6 

0     0 

61 

8     0     5 

81 

4     0     5 

101 

5     0     5 

121 

6 

0     5 

62 

8     0  11 

82 

4     0  11 

102 

5     0  11 

122 

6 

0  11 

6» 

8     0  16 

88 

4     0  16 

103 

5     0  16 

128 

6 

0  16 

64 

8     0  22 

84 

4     0  22 

104 

5     0  22 

124 

6 

0  22 

65 

8     1     0 

85 

4     1     0 

105 

5     10 

125 

6 

1     0 

66 

8     15 

86 

4     1     6 

106 

5     15 

126 

6 

1     6 

67 

8     1  11 

87 

4     1  11 

107 

5     1  11 

127 

6 

1  11 

68 

8     1  16 

88 

4     1  16 

108 

5     1  16 

128 

6 

1  16 

69 

8     1  22 

89 

4     1  22 

109 

5     1  22 

129 

6 

1  22 

70 

8     2     0 

90 

4    2    0 

110 

5     2     0 

130 

6 

2     0 

71 

8     2     5 

91 

4     2     5 

111 

5     2     5 

181 

6 

2     5 

7t 

8     2  11 

92 

4     2  11 

112 

5     2  11 

182 

6 

2  11 

73 

8     2  16 

93 

4     2  16 

113 

5     2  16 

133 

6 

2  16 

74 

8     2  22 

94 

4     2  22 

114 

5     2  22 

134 

6 

2  22 

75 

8     8     0 

95 

4     8     0 

115 

5     8     0 

135 

6 

8     0 

76 

8     8     5 

96 

4     8     5 

116 

5     8     5 

186* 

6 

8     5 

77 

8     8  11 

97 

4     8  11 

117 

5     3  11 

137 

6 

3  11 

78 

8     8  16 

98 

4    8  16 

118 

5     8  16 

188 

6 

3  16 

79 

8     8  22 

99 

4     8  22 

119 

5     3  22 

189 

6 

3  22 

1 1 
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IXAS. 


iP 

Weight  or 

Metal  In  aTon 

or  Ore. 

^ 

If' 

Hi 

gw. 

cwts.q8.Ibs. 

«^ 

cwts.qB.  lbs. 

g»- 

cwt8.q8.lbs. 

g». 

cwt8.qs.Ibi. 

140 

7  0  0 

186 

9  1  5 

232 

11  2  11 

278 

18  3  16 

141 

7  0  5 

187 

9  1  11 

238 

11  2  16 

279 

18  3  22 

142 

7  0  11 

188 

9  1  16 

234 

11  2  22 

280 

14  0  0 

143 

7  0  16 

189 

9  1  22 

235 

11  3  0 

281 

14  0  5 

144 

7  0  22 

190 

9  2  0 

236 

11  3  6 

282 

14  0  11 

145 

7  1  0 

191 

9  2  5 

237 

11  3  11 

283 

14  0  16 

146 

7  1  5 

192 

9  2  11 

238 

11  3  16 

284 

14  0  22 

147 

7  1  11 

193 

9  2  16 

239 

11  8  22 

285 

14  1  0 

148 

7  1  16 

194 

9  2  22 

240 

12  0  0 

286 

14  1  6 

149 

7  1  22 

195 

9  3  0 

241 

12  0  5 

287 

14  1  11 

150 

7  2  0 

196 

9  3  5 

242 

12  0  11 

288 

14  1  16 

151 

7  2  5 

197 

9  3  11 

243 

12  0  16 

289 

14  1  22 

152 

7  2  11 

198 

9  8  16 

244 

12  0  22 

290 

14  2  0 

153 

7  2  16 

199 

9  3  22 

245 

12  1  0 

291 

14  2  6 

154 

7  2  22 

200 

10  0  0 

246 

12  1  5 

292 

14  2  11 

155 

7  8  0 

201 

10  0  5 

247 

12  1  11 

293 

14  2  16 

156 

7  8  5 

202 

10  0  11 

248 

12  1  16 

294 

14  2  22 

157 

7  3  11 

203 

10  0  16 

249 

12  1  22 

295 

14  8  0 

158 

7  3  16 

204 

10  0  22 

250 

12  2  0 

296 

14  3  6 

159 

7  3  22 

205 

10  1  0 

251 

12  2  5 

297 

14  a  11 

160 

8  0  0 

206 

10  1  5 

252 

12  2  11 

298 

14  a  16 

161 

8  0  5 

207 

10  1  11 

258 

12  2  16 

299 

14  3  22 

162 

8  0  11 

208 

10  1  16 

254 

12  2  22 

300 

16  0  0 

163 

8  0  16 

209 

10  1  22 

255 

12  3  0 

301 

15  0  5 

164 

8  0  22 

210 

10  2  0 

256 

12  8  5 

302 

16  0  11 

165 

8  10 

211 

10  2  5 

257 

12  3  11 

308 

16  0  16 

166 

8  1  5 

212 

10  2  11 

258 

12  3  16 

304 

16  0  22 

167 

8  1  11 

213 

10  2  16 

259 

12  3  22 

305 

16  1  0 

168 

8  1  16 

214 

10  2  22 

260 

13  0  0 

806 

16  1  6 

169 

8  1  22 

215 

10  3  0 

261 

13  0  6 

807 

16  1  11 

170 

8  2  0 

216 

10  3  5 

262 

13  0  11 

308 

16  1  16 

171 

8  2  5 

217 

10  3  11 

263 

13  0  16 

309 

15  1  22 

172 

8  2  11 

218 

10  3  16 

264 

13  0  22 

810 

16  2  0 

178 

8  2  16 

219 

10  3  22 

265 

13  1  0 

311 

16  2  6 

174 

8  2  22 

220 

11  0  0 

266 

13  1  5 

812 

16  2  11 

175 

8  3  0 

221 

11  0  5 

267 

13  1  11 

813 

15  2  16 

176 

8  3  5 

222 

11  0  11 

268 

13  1  16  ' 

314 

16  2  22 

177 

8  3  11 

228 

11  0  16 

269 

13  1  22  ; 

315 

16  3  0 

178 

8  3  16 

224 

11  0  22 

270 

IS  2  0 

316 

16  8  5 

179 

8  3  22 

225 

11  1  0 

271 

IS  2  5 

317 

16  8  11 

180 

9  0  0 

226 

11  1  5  ' 

272 

13  2  11 

818 

16  8  16 

181 

9  0  5 

227 

11  1  11  1 

273 

18  2  16 

319 

16  8  22 

182 

9  0  11 

228 

11  1  16 

274 

18  2  22  , 

320 

16  0  0 

183 

9  0  16 

229 

11  1  22  ! 

276 

13  3  0 

321 

16  0  6 

184 

9  0  22 

280 

11  2  0  > 

276 

13  3  5  1 

322 

16  0  11 

185 

9  10 

281 

11  2  5 

277 

13  3  11 

323 

16  0  16 
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AMdjais  ^r  Galena. — ^The  estimation  of  the  lead  contained  in 
galena  by  the  bnmid  method,  is  for  commercial  purposes  seldom 
resorted  to,  as  sufficiently  correct  results  may  be  obtained  in  a 
much  shorter  time  by  some  of  the  processes  just  described.  When, 
however,  the  analysis  of  this  mineral  becomes  necessazy,  it  may 
be  conducted  as  follows : — 

The  ore,  in  a  state  of  extreme  division,  is  attacked  at  a  gentle 
heat  with  dilute  nitric  acid,  when  sulphur  will  separate,  and  a 
solution  of  nitrate  of  lead  be  formed.  The  add  used  for  this  pur- 
pose must  be  mixed  with  at  least  its  own  volume  of  distilled 
water ;  from  the  oxidation  of  the  sulphur  present  in  the  ore,  an 
insoluble  sulphate  of  lead  is  formed,  which  remains  with  the  insol- 
uble gangue,  and  increases  its  weight. 

For  this  reason  it  is  in  all  cases  advisable,  after  pouring  off  the 
solution  of  nitrate  of  lead  obtained,  and  carefully  washing  the  in- 
soluble mattov,  to  digest  the  residue  for  several  hours  with  a 
strong  solution  of  carbonate  of  soda,  by  which  the  insoluble  sul- 
phate of  lead  is  converted  into  carbonate,  and  soluble  sulphate  of 
floda  formed.  The  insoluble  residue,  after  being  separated  from 
the  sulphate  and  carbonate  of  soda  by  filtration,  and  well  washed, 
is  afterwards  again  treated  with  dilute  nitric  acid,  by  which  the 
carbonate  of  lead  is  readily  dissolved.  This  solution  is  subse- 
quently added  to  that  directly  obtained  by  the  action  of  weak 
nitric  acid  on  the  ore  itself,  and  treated  with  a  solution  of  sulphate 
of  soda,  until  no  further  precipitation  takes  place.  The  sulphate 
of  lead  thus  obtained  is  collected  on  a  filter,  washed,  dried,  and 
weighed,  and  firom  its  weight,  after  calcination,  is  estimated  the 
amount  of  lead  originally  present  in  the  ore.  The  associated 
metalfi  are  afterwards  separated  from  the  filtrate  from  sulphate  of 
lead,  by  the  usual  routine  of  mineral  analysis.  The  amount  of 
silver  contained  in  galena  cannot  be  correctly  estimated  by  humid 
snalyaiB,  and  must  be  ascertained  by  a  process  called  cupellation. 

From  the  lazge  quantities  of  silver  contained  in  many  varieties  of 
galena,  and  otiierores  of  lead,  it  becomes  necessary,  in  order  to  judge 
of  their  relative  commercial  values,  to  be  enabled  to  ascertiwi 
with  the  greatest  exactness  the  precise  amount  of  this  valuable 
metal  furnished  by  the  different  specimens  under  examination. 

To  ascertain  this,  the  button  of  lead  obtained  by  the  processes 
already  described  is  subjected  to  cupeUation  in  a  furnace  properly 
arranged  for  that  purpose.  This  process  is  founded  on  the  cir- 
cumstance that  silver,  when  exposed  in  a  state  of  fusion  to  the 
action  of  the  air,  neither  gives  off  perceptible  vapours,  nor  is 
sensibly  oxidised,  particular^  when  a  more  oxidisable  metal  than 
itself  IB  at  the  same  time  present. 
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In  order,  then,  to  extract  the  silver  contained  in  the  metallic 
buttons  obtained  by  the  assay  of  lead  ores,  it  is  only  necessary  to 
expose  them  <m  some  absorbent  medium  to  such  a  temperature  as 
may  oxidise  the  lead,  whilst  the  silver  itself  is  not  thus  affected. 
The  Utharge  produced  is  absorbed  by  the  porous  substance  on 

©which  the  assay  is  supported,  and  nothing  but  a 
small  button  of  pure  sUver  ultimately  remains  in 
the  metallic  state. 
182.        188.        These  supports,  which  are  called  cupels,  figs. 
182  and  188,  are  made  of  bone-ash,  slightly  moistened  with  a 
little  water,  and  tightly  consolidated  by  pressure  in  an  iron  mould. 


184. 


A  convenient  kind  of  ftrmace  for  the  purpose  <^  cupdlation  is 
represented  figs.  184  and  185,  of  which  the  first  represents  an 
elevation,  and  the  second  a  vertical  section.  The  material  of 
which  these  furnaces  are  made  is  wrought  iron,  which  is  lined 
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with  fire-clay,  as  shown  in  the  drawing.  The  most  important 
part  of  this  apparatus  is  the  muffle,  m,  which  is  a  small  D-shaped 
retort  of  fire-clay,  closed  at  one  of  its  extremities  only,  and  fur- 
nished with  perpendicular  openings  in  the  sides  and  end,  in  order 
to  allow  of  a  free  circulation  of  air  through  its  internal  cavity. 
Fig.  186  represents  a  muffle,  hefore  its  introduction  into  the 
furnace.  '\^en  fixed,  it  is  so  ar- 
ranged that  whilst  one  of  its  extre- 
mities is  supported  hy  a  proper 
shelf,  the  other  corresponds  with 
the  opening  d',  to  the  sides  of 
which  it  is  carefully  luted  hy  a  little 
moistened  fire-clay.  This  position 
of  the  muffle  in  the  furnace  allows  ^^^* 

of  its  heing  heated  on  every  side  by  a  supply  of  ignited  fiiel,  whilst 
the  openings  at  its  end  and  sides  admit  of  the  establishment  of  a 
current  of  air  fiK>m  the  door,  d',  through  the  interior  of  the  mufiie 
to  the  cavity  of  the  furnace.  The  interior  of  the  muffle  is,  in  this 
way,  constantly  traversed  by  a  highly  oxidising  ciirrent  of  air, 
and  the  draught  of  the  furnace  is  increased  by  the  addition  of  a  long 
chimney  of  sheet  iron,  c.  To  light  this  apparatus,  a  Httle  ignited 
charcoal  is  introduced  by  the  opening,  d,  and  the  cavity  of  tbe 
furnace  afterwards  filled  with  the  same  fiiel,  and  the  whole  of  the 
openings,  excepting  the  ash-pit,  a,  closed  by  their  proper  slides. 
When  the  charcoal  or  coke  is  properly  ignited,  and  the  muffle  has 
become  red  hot,  six  or  eight  cupels,  which  have  been  drying  on 
the  ledge  around  the  chimney,  are  taken  by  the  tongs,  fig.  187, 
and  placed  on  the  floor  of  the  muffle,  which,  to  prevent  its  becom- 
ing corroded  if  any  portion  of  lead  be  spilt  on  it,  is  previously 
covered  by  a  thin  layer  of  poimded  bone-ash. 


187. 

The  opening,  cf,'  is  now  closed  by  its  door,  so  as  to  prevent  tbe 
introduction  of  a  current  of  cold  air,  and  the  cupels  are  then 
raised  to  the  temperature  of  the  muffle  itself.  When  this  is  the 
case,  the  door  is  again  removed,  and  into  each  of  the  cupels  is 
introduced,  by  a  pair  of  slender  steel  tongs,  a  button  of  the  lead 
to  be  assayed.  The  door  is  now  a  second  time  closed,  during  a 
few  minutes,  to  facilitate  the  fusion  of  the  metal,  and  on  its 
removal  each  of  the  cupels  is  found  to  contain  a  bright  convex 
metallic  globule,  in  which  state  the  assays  are  said  to  be  uncovered. 
The  air  thus  admitted  rapidly  converts  the  lead  into  litharge. 
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which,  as  fast  as  it  is  produced,  is  absorbed  by  the  bone-ash  of  ihe 
cupel,  and  at  the  same  time  there  arises  a  white  vapour,  which 
fills  the  mufBie,  and  is  gradually  carried  off  through  the  openings 
in  its  sides.  An  annukr  stain  is  at  the  same  time  formed  around 
the  metal,  which  gradually  extends,  and  penetrates  into  the  sub- 
stance of  the  cupel,  in  proportion  as  the  metallic  globule  itself 
diminishes  in  size.  When  nearly  the  whole  of  the  lead  has  been 
thus  converted  into  litharge,  and  absorbed,  the  remaining  bead  of 
rich  alloy  i^pears  to  become  agitated  with  a  n^id  circular  move- 
ment, by  which  it  seems  to  be  made  to  revolve  with  great  rigidity. 
At  this  stage  of  the  operation,  the  agitation  will  be  observed  sud- 
denly to  cease,  and  the  button,  after  having  for  a  moment  emitted 
a  bright  jQash  of  light,  becomes  white  and  immoveable. 

This  phenomenon  is  called  the  hrighiening  or  corusGoikm  of  the 
metal,  and  a  button  of  pure  silver  now  remains  on  the  cupel. 

If  the  cupel  were  at  this  period  abruptly  removed  firom  the 
muffle,  the  metallic  globule  would  be  liable  to  sprout  or  veffetaie^ 
by  which  a  portion  of  its  substance  is  not  unfirequently  throvm  off 
and  lost,  whilst  its  sur&oe  is  covered  by  numerous  arborescent 
asperities.  This  effect  appears  to  be  chiefly  produced  by  the 
sudden  cooling  of  the  suriace  exposed  to  the  air,  which,  by  its 
contraction,  strongly  compresses  the  liquid  metal  contained  in  ihe 
interior,  and  this,  by  bursting  through  the  outside  coating, 
escapee  in  the  way  described.  To  prevent  this  firom  taking  place» 
and  to  ffuard  against  the  loss  of  metal  which  would  be  liable  to 
ensue,  tne  cupel  on  which  the  button  of  silver  has  just  brightened 
should  be  immediately  covered  by  another,  kept  red  hot  for  that 
purpose.  The  two  are  now  withdra?ni  together,  and  allowed  to 
remain  on  the  ledge  before  the  muffle,  until  the  metal  has  become 
solidified,  when  the  upper  cupel  may  be  removed,  and  the  globule 
of  silver  is  detached  and  weighed. 

From  the  circumstance  that  silver  becomes  sensibly  volalale  at 
very  elevated  temperatures,  it  becomes  necessary  to  make  cupet- 
lations  of  this  metal  at  the  lowest  heat  by  which  the  absorption  of 
the  litharge  can  be  readily  determined.  If,  however,  the  cupel 
be  not  sufficiently  hot,  an  annular  incrustation  of  crystallised 
litharge  will  begin  to  accumulate  around  its  edges,  and  if  at  thia 
point  the  fire  be  not  immediately  attended  to,  the  deposit  of 
oxide  spreads  over  the  whole  surface  of  the  metal,  and  its  further 
oxidation  is  entirely  stopped. 

The  temperature  best  suited  for  this  operation  is  obtained  when 
the  muffle  and  the  enclosed  cupels  are  at  a  full  blood-red  heat, 
and  the  vapours  which  arise  from  the  alloy  curl  gradually  away, 
and  are  promptly  removed  by  the  draught.  When  the  muffle  is 
heated  almost  to  whiteness,  and  the  vapours  rise  to  the  crown  of 
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the  arch,  the  temperature  is  too  high,  aad  when,  on  the  contrary, 
the  fumes  lie  over  the  bottom,  and  the  sides  of  the  openings  in  the 
muffle  b^;in  to  blacken,  a  little  more  fuel  must  be  added  through 
the  door,/,  and  the  heat  gradually  raised.  When  the  operation 
is  conducted  at  the  proper  temperature,  the  cupel  should  be  of  a 
cherry-red  colour,  and  the  fused  alloy  very  bright  and  convex.  At 
the  commencement  of  the  operation  the  heat  must  be  a  little 
raised,  for  the  purpose  of  fusing  and  imcovering  the  button,  and 
|U8t  before  the  globule  is  about  to  brighten  a  slight  elevation  of 
temperature  is  again  advantageous,  but  if  a  good  cheny-red  heat 
has  been  kept  up  during  the  working  of  the  assay,  this  is  by  no 
means  necessary. 

The  success  of  the  experiment  is  likewise  considerably  influenced 
by  the  force  of  the  draught  passing  through  the  muffle.  When 
the  current  is  too  n^id,  the  cupel  becomes  cooled,  and  the  lead  is 
oxidised  with  greater  rapidity  than  it  should  be :  in  this  case  the 
litharge  produced  is  not  absorbed  by  the  test  as  fast  as  it  is 
generated,  and  consequently  the  surface  of  the  alloy  is  constantly 
covered  by  a  layer  of  oxide  of  lead,  by  which  it  ultimately  becomes 
protected  from  further  oxidation.  When,  on  the  contrary,  the 
current  is  too  feeble,  the  assay  remains  a  long  time  in  the  muffle, 
and  a  lazge  amount  of  silver  is  lost  by  sublimation. 

If  an  assay  has  been  properly  conducted,  the  residual  button  of 
silver  is  round,  bright,  and  smooth  on  its  upper  surface,  and 
beneath  should  be  crystaUine,  and  of  a  dead-white  colour ;  it  is 
easily  detached  from  the  cupel,  and  readily  freed  from  adhering 
litharge.  This  globule  is  now  removed  by  a  pair  of  fine  pliers, 
and  flattened  on  a  small  steel  anvil,  by  which  the  oxide  of  lead, 
which  frequently  attaches  itself  to  it,  becomes  pulverised,  and  is 
easily  removed  by  scratching  with  a  small  brush  made  of  stiff 
hogs'  bristles.  The  flattened  disc  is  then  examined  by  the  aid  of  a 
powerful  lens,  in  order  to  be  sure  that  its  surfaces  are  perfectly 
clean,  and  afterwards  weighed  in  a  balance  capable  of  turning 
with  1-lOOOth  of  a  grain. 

The  fuel  employ^  in  the  furnace  above  described,  consists, 
after  it  has  once  got  into  steady  action,  of  small  pieces  of  hard 
coke.  When  the  ores  of  lead,  in  addition  to  silver,  likewise  con- 
tain gold,  the  residual  button  remaining  on  the  cupel  consists  of 
an  aUoy  of  these  metals,  the  separation  and  estimation  of  which 
will  be  treated  of  in  a  future  chapter. 

In  metallurgic  laboratories,  where  assays  of  gold  and  silver  are 
being  constantly  made,  the  furnace  above  described  is  found  in- 
convenient, on  account  of  its  small  size.  For  this  reason,  sta- 
tionary furnaces,  forming  part  of  the  bmlding  of  the  laboratory, 
are  commonly  used. 

A  convenient  arrangement  of  furnaces  for  the  use  of  the  metal- 
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lurgic  chemist  10  repreeented  fig.  188.  This  oonsists  of  a  maaB  of 
brick-work  bound  together  by  strong  plates  of  cast  iron,  and 
secured  to  the  wall  of  the  building  by  the  bolts,  6,  which  pasi 
through  it,  and  are  fastened  on  the  outside  bj  screw  niits.  ▲  is 
the  sand-bath  door,  b  B  are  two  furnaces;  the  fint,  8  inches 
square,  and  1  foot  in  depth,  is  well  calculated  for  assays  of  lead 
ores,  the  other,  1  foot  square,  and  14  inches  in  depth,  affords  a 
sufficient  heat  for  the  fusion  of  assays  of  copper,  tin,  and  eTen  of 
iron  ores.  The  draught  is  regulated  by  the  dampen,  d,  wbidi 
severally  communicate  with  the  furnaces,  B  B,  and  the  sand-bath,  a. 
The  ash-pits,  c,  are  provided  with  sliding  doors,  by  which  the  cni^ 
rents  of  air  entering  the  furnaces  through  the  body  of  the  bride- 
work  are  regulated.  Beneath  these  are  three  arched  reoesaes,  for 
storing  the  broken  coke.  B  is  the  cupelling  furnace,  pierced  for  a 
muffle  at  e,  and  provided  with  the  double  shding  doors,  h  h,  by 
which  the  current  of  air  passing  through  the  arrangement  is  con- 
veniently regulated. 


188. 

The  opening  for  the  muffle  is  considerably  larger  towards  tiie 
front  than  where  the  muffle  itself  joins  the  brick-work,  and  before 
it,  and  at  the  same  level,  is  placed  the  shelf,  h,  for  the  support  of 
the  cupels  when  withdrawn  from  the  fire.  The  fuel  is  either 
introduced  through  the  upper  door,  H,  or  firom  the  top  at  J,  which 
is  covered  by  a  heavy  fire-tile,  strongly  bound  with  iron,  gg  are 
plugs  stopping  holes  in  the  sides  of  the  furnace,  which,  when  <^>en, 
are  found  convenient  for  tube  operations.  The  openings,  t,  in  the 
smaller  furnace,  fig.  184,  are  for  the  same  purpose. 

The  total  height  of  the  cupel  furnace,  firom  the  bars  to  the 
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throat-waj  of  the  draught,  ib  two  feet,  and  its  internal  dimensions 
one  foot  in  width,  and  14  inches  in  the  direction  of  the  length  of 
the  muffle.  The  muffle  used  in  this  furnace  is  9  inches  in  length, 
and  5  inches  in  width.  The  small  door,  (/,  on  the  left  of  the 
cupelling  furnace,  helongs  to  a  small  hrazier,  used  for  holding 
lifted  charcoal,  when  making  organic  analyses,  for  which  pur- 
pose the  apparatus  may  he  placed  on  the  iron  slah  at  i.  o  is  the 
hood  of  a  small  hlast  ftimace,  to  be  employed  when  extremely 
eleTated  temperatures  are  required,  and  which  is  supplied  by  a 
current  of  air  fix>m  a  powerfol  bellows  at  ir. 

The  whole  arrangement  is  covered  by  a  glazed  hood,  l,  sup- 
ported by  a  trellis  of  wrought  iron.  Beneath  this  is  a  ventilator, 
communicating  with  the  chimney,  M,  and  which  allows  of  being 
opened  or  closed  at  pleasure.  This  ventilator  rapidly  removes  any 
deleterious  fumes  arising  from  the  furnaces,  without  materially 
impairing  the  draught.  The  throat-ways  of  the  different  furnaces 
are  placed  at  a  distance  of  5  inches  from  the  top  plates  of  the 
furnaces,  which  are  protected  from  melting  by  the  whole  thickness 
of  a  fire-brick.  With  an  arrangement  of  this  kind,  the  heat  neces- 
sary for  the  fusion,  assay,  and  analysis  of  all  kinds  of  minerals  is 
readily  obtained. 

For  commercial  purposes,  the  silver  contained  in  any  given 
mineral  is  estimated  in  ozs.  dwts.  and  grains,  one  ton  of  ore  being 
taken  in  all  cases  as  the  standard  of  unity. 
Table  showing  the  weight  of  Silver  to  the  ton  of  Ore,  correspond- 
ing to  the  weight  in  grains  obtained  from  400  grains  of  Mineral. 


If  400  grains  of 

Ore  give  Fine 

Metal 

One  ton  of  Ore 
wiU  yield 

If  400  grains  of 
1      Ore  give  Fine 
;           Metal 

One  ton  of  Ore 
wUlyidd 

RT8. 

ox.  dwt&  gra. 

1               Km. 

OS.  dwti.  gre. 

•001 

0       1     15 

t             -200 

16      6     16 

•002 

0      8      6 

•800 

24     10       0 

•003 

0      4     21 

•400 

82     13       8 

•004 

0       6     12 

•600 

40     16     16 

-006 

0      8      4 

•600 

49       0       0 

•006 

0      9     19 

•700 

67      8      8 

•007 

0     11     10 

•800 

65       6     16 

•008 

0     18       1 

•900 

73     10      0 

•009 

0     14     16 

1^000 

81     18       8 

t          -010 

0     16      8 

2^000 

163       6     16 

•020 

1     12     16 

8-000 

246      0      0 

•030 

2      9      0 

4-000 

326     13       8 

•040 

3      6      8 

6^000 

408       6     16 

•060 

4      1     16 

6-000 

490       0       0 

•060 

4     18       0 

7^000 

671     18      8 

•070 

6     14      8 

8^000 

668       6     16 

•080 

6     10     16 

9^000 

735       0       0 

•090 

7       7      0 

10000 

816     13      8 

•100 

8      3       8 

i 
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Instead  of  operating  on  400  grainB  of  ore,  many  assajen  prefer 
employing  1  oz.  of  mineral,  and  in  this  case  the  following  table 
affords  di^  for  the  necessary  calculations. 

Weight  of  Silver  to  the  Ton  of  Lead  Ore,  corresponding  to  the 
weight  in  grains  obtained  from  an  assay  on  1  oz.  of  Mmend. 


Gn. 

0£. 

Dwt 

Gn. 

Gm. 

Oz. 

Dwt. 

Gn. 

•001 

CI 

1 

11-840 

•600 

44 

16 

0000 

•002 

ii 

2 

28-680 

•700 

52 

5 

8-000 

•008 

<l 

4 

11*520 

•800 

69 

14 

16-000 

•004 

u 

6 

28-860 

•900 

67 

4 

0-000 

•005 

it 

7 

11-200 

1^000 

74 

18 

8-000 

•006 

(i 

8 

28-040 

2^000 

149 

6 

16-000 

•007 

t< 

10 

10^880 

8-000 

224 

0 

0-000  ' 

•008 

u 

11 

22-720 

4^000 

298 

18 

8-O00 

•009 

tt 

18 

10-560 

5-000 

878 

6 

16-000  ; 

•010 

u 

14 

22-400 

6-000 

448 

0 

O-OOO 

•020 

9 

20-800 

7-000 

622 

18 

8-OO0 

•030 

4 

19-200 

8-000 

597 

6 

16-000 

•040 

19 

17-600 

9-000 

672 

0 

0-000 

•050 

14 

16000 

10-000 

746 

18 

8-O00 

•060 

9 

14-400 

20-000 

1493 

6 

16-000 

•070 

4 

12-800 

80-000 

2240 

0 

0-000 

•080 

19 

11-200 

40-000 

2986 

18 

8-000 

•090 

14 

9-600 

50-000 

8783 

6 

16-000 

•100 

9 

8-000 

60-000 

4480 

0 

0-000 

•200 

14 

18 

16000 

70-000 

5226 

18 

8-000 

•800 

22 

S 

0-000 

80-000 

5973 

6 

16-000 

•400 

29 

17 

8-000 

90-000 

6720 

0 

0-000 

•500 

87 

6 

16-000 

100000 

7466 

18 

8-000 

•f  Cvpab. — ^The  bone-ash  employed  is  first  passed 
through  a  sieve  of  fine  wire  gauze,  and  afterwards  mixed  with 
water  until  sufficiently  moistened  to  retain  the  mark  of  the  fingers, 
when  a  handftd  is  taken  up  and  slightly  squeezed.  To  cause  the 
cupels  when  made  to  be  sufficiently  firm  and  resistant,  a  little 
carbonate  of  potash  is  added  to  the  water  employed  for  moisten- 
ing the  bone-ash.  The  amount  of  alkaline  carbonate  required  for 
this  purpose  is  exceedingly  small,  as  a  fragment  of  the  size  of  a 
nut  will  be  amply  sufficient  to  add  to  a  pmt  of  water.  Instead 
of  water,  some  persons  use  sour  beer,  and  in  this  case  dispense  with 
the  use  of  any  kind  of  alkali.  The  mould  in  which  the  cupels  are 
formed,  fi^.  189,  consists  of  a  bevelled  steel  ring,  6,  and  a  die,  a, 
made  of  the  same  metal  and  fitted  with  a  wooden  handle.  To 
make  the  cupel,  the  cavity  is  nearly  filled  with  the  moistened  bone- 
ash,  which  is  first  compressed  slightly  by  the  hand  and  afterwards 
with  the  die,  which  is  tightly  driven  into  the  ring  by  the  use  of  a 
heavy  mallet,  fig.  190.     When  sufficiently  consolidated  the  die  is 
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withdrawn,  and,  by  introducing  a  wooden  cylinder  which  exactly 
fills   the  aperture,  the  cupel  is 
without  difficulty  removed.    The 
use    of  the  wooden  cylinder  is 
sometimes  liable  to  crumble  the 
edges  of  the  cupel ;  and  for  this 
reason  a  loose  iron  plate,  c,  exactly 
^tting  the  bottom  of  the  mould, 
is   often  introduced  before  the 
bone-ash  is  placed  in  it.     When 
this  precaution  is  taken,  the  iron 
protects  the  bottom  of  the  cupel,  sM 
and  enables  the  operator  to  use    | 
considerable  force  without  injury 
to  the  edges  of  the  newly  made 
t^.     The  iron  plate  has  evi- 
dently to  be  replaced  at  each  operation,  and  with  the  cupel  before 
it,  is  again  forced  out  of  the  mould.     When  made,  the  cupels  are 
set  aside  to  dry,  and  are  then  ready  for  use. 


189. 


190. 


HETALLTJBGY  OF  LEAD. — ^ETTeLISH  PBOGESS  OF  LEAD- SMELTING. 

The  metallurgic  treatment  of  the  ores  of  lead  varies  both  in 
accordance  with  the  composition  of  the  minerals  operated  on,  and 
with  regard  to  the  nature  of  the  fuel  to  be  obtained  in  the  lo<^ty 
in  which  the  mines  are  situated. 

To  describe  all  these  different  modifications  would  require  more 
space  than  could  be  conveniently  devoted  to  one  metal,  and  I  shaU 
therefore  merely  endeavour  to  explain  a  few  of  the  methods  most 
commonly  employed,  and  which  may  at  the  same  time  serve  as  types 
of  the  various  metallurgic  classes  to  which  they  severally  belong. 
The  ores  treated  in  this  country  principally  consist  of  galena, 
which,  before  it  comes  into  the  hands  of  the  smelter,  has  been 
deprived,  by  a  careM  mechanical  preparation,  of  a  large  propor- 
tion of  the  earthy  and  siliceous  ingredients  with  which  it  was 
originally  associated. 

The  ftimace  in  which  the  reduction  of  lead  ores  is  usually 
effected  in  Great  Britain  is  represented  by  figs.  191  and  192,  of 
which  the  first  represents  a  vertical  section,  and  the  second  a 
grornid  plan.  The  sole  is  commonly  about  10  feet  in  length  and  8 
feet  in  width,  and  is  formed  of  fused  slags  obtained  from  preceding 
operations,  and  worked  into  the  proper  form  when  in  a  pasty  and 
semi-fused  state.  Towards  the  centre  of  the  hearth,  at  b,  is  a 
depression  in  which  the  fused  metal  accumulates;  and  at  this 
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point  is  situated  the  tap-hole,  through  which  the  reduced  lead  k, 
at  a  subsequent  period,  aUowed  to  flow.  The  heat  is  apphed  hj  the 
fire-place,  d,  situated  at  one  end,  and,  before  reaching  the  furnaoe, 
has  to  pass  over  the  fire-hridge,  B,  about  one  foot  in  height  and 


192. 


two  feet  in  width.  The  arch  of  the  furnace,  which  ia  at  a  height 
of  about  14  inches  above  the  top  of  the  fire-bridge,  gradually  de- 
clines to  within  nine  inches  of  the  floor  at  the  o&er  extremitr  of 
the  hearth :  its  greatest  height  from  the  cavity  in  the  sole  is  about 
two  and  a  half  feet.  At  the  end  opposite  to  that  in  which  is  placed 
the  fire-grate,  is  situated  an  opening  in  the  masonry,  f,  which 
communicates  with  the  flues  in  connection  with  a  lofty  chimney,  I 
by  which  the  whole  of  the  smoke  and  fumes  escaping  from  the 
establishment  are  carried  off.  This  channel  for  a  short  distance  ' 
from  the  furnace  is  covered  over  with  flat  tiles  closely  jointed  in       I 
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fire-clay,  as,  from  the  teuden(^  possessed  by  the  lead  fumes  to  fuse 
and  choke  the  flues,  it  is  necessary  to  be  enabled  to  get  readily  at 
them  for  the  purpose  of  their  removal.  The  door,  q,  for  supplying 
the  coals  to  the  grate,  is  situated  on  the  face  of  the  furnace  called 
tiie  labourer's  side.  In  addition  to  this  openmg,  there  are  three 
other  holes,  ^  also  placed  in  the  same  wall  of  the  furnace.  These 
measure  about  9  inches  by  12  inches,  and  are  covered  by  iron 
plates,  which  can  be  removed  without  difficulty  when  the  charge 
needs  starring,  or  a  current  of  air  is  required. 

The  opposite  face  is  known  by  the  name  of  the  working  side, 
and,  like  the  other,  is  ^imished  with  three  small  doors,  h%  for 
coohng  the  furnace  and  working  the  charges.  The  floor,  composed 
of  fiimace  slag,  is  made  up  nearly  to  the  small  door  on  the 
labourer's  side,  but  dedines  towards  the  other  wall,  so  as  to  be 
14  inches  below  the  middle  door ;  and  here  it  communicates  with 
^le  tap-hole,  b,  by  which  the  lead  is  run  out  into  a  large  cast 
in>n  pan,  c,  set  in  a  niche  a  little  under  the  furnace  side.  In  the 
centre  of  the  arch  there  is  sometimes  a  small  opening,  fitted  with 
a  sheet  iron  hopper,  i,  in  which  a  charge  of  ore  is  always  kept 
ready  for  letting  down  as  soon  as  that  which  is  being  worked  in 
the  furnace  is  withdrawn.  This  spout  is  provided  with  a  damper, 
which  is  opened  and  shut  by  an  iron  lev»,  so  that  on  its  with- 
drawal the  whole  of  the  contents  of  the  hopper  at  once  fall  on  to 
the  floor  of  the  furnace. 

As  soon  as  the  whole  of  the  lead  from  the  preceding  charge 
has  been  drawn  ofl",  and  the  slags  cleared  out  and  removed,  the 
hopper-shuttle  is  withdrawn,  and  another  charge  of  ore  allowed  to 
fiJl  on  the  floor  of  the  furnace.  The  weight  of  lead  constituting  a 
charge  for  a  furnace  of  this  description  diflers  both  in  accordance 
with  its  size  and  the  qusdity  of  the  mineral  treated ;  in  the  North 
of  England  about  12  cwts.  are  commonly  charged  at  one  time,  but 
in  Wales  from  20  to  24  cwts.  are  treated  at  one  charge. 

As  soon  as  the  charge  has  been  let  fall  from  the  hopper,  a 
labourer,  placed  at  the  back  doors,  spreads  it  out  equally  over  the 
bottom  of  the  fiimace  with  an  iron  rake.  The  doors,  together 
with  the  dampers  communicating  with  the  flues,  are  now  closed, 
and  the  ore  from  time  to  time  stirred  about  with  an  iron  paddle, 
in  order  to  expose  fresh  surfaces  to  the  action  of  the  air,  which 
constantly  enters  into  the  laboratory  through  the  spaces  existing 
between  the  openings  and  sheet  iron  doors  by  which  they  are 
partially  closed.  During  the  first  two  hours  which  elapse  after 
charging,  but  very  little  fuel  is  thrown  on  the  grate,  and  the 
roasting  is  therefore  principally  carried  on  by  the  heat  radiated 
from  the  sides  of  the  fiimace  itself,  and  which  had  become  heated 
to  bright  redness  during  the  latter  part  of  the  preceding  Mft. 
At  the  expiration  of  two  hours  fiK>m  the  commencement  of  the 
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operation,  the  foreman  smelter  opens  the  two  &ont  doors  fsatheai 
removed  fix>m  the  fire,  and  throws  into  the  fumaoe  the  rieh  slags 
skinmied  off  the  sur&ce  of  the  lead  obtained  fit>m  the  former 
charge  after  it  has  been  collected  in  the  external  pot  or  lead-pan, 
0,  and  at  the  same  time  his  assistant,  through  the  back  doars, 
turns  over  the  roasted  ore  with  a  long  iron  paddle. 

After  a  short  time  the  tap-hole  is  opened  for  the  purpoae  of 
running  off  the  metallic  lead  obtained  from  the  rich  slag  added, 
and  the  charge  again  worked  over  with  an  iron  paddle  as  beforo 
described.  At  this  stage  the  damper  is  slightly  raised  and  a  litl^e 
fuel  thrown  on  the  fiie ;  the  interior  of  the  furnace  quicklj  as- 
sumes a  dull-red  heat,  and  the  fiuing  matters,  which  begin  to  flow 
down  into  the  interior  basin,  are  brought  back  by  the  smelter  to 
the  part  of  the  sole  immediatelT  b^re  the  fire-bridge,  where 
they  are  uniformly  spread  over  the  surface  by  his  aasistwit,  who 
introduces  his  paddle  through  the  back  doors.  A  little  qnicklimft 
is  also  thrown  through  the  central  opening  on  the  bath  of  metallic 
lead  which  begins  to  accumulate  on  the  d^ressed  part  of  the  sole. 
After  a  certain  interval,  the  labourer  aeain  mixes  with  his  paddle 
the  various  substances  of  which  the  (marge  is  composed ;  whikt 
the  smelter,  with  a  large  iron  rake,  pushes  the  slags  iroia  Hbe 
surface  of  tiie  inner  basm  back  again  to  the  raised  part  of  the 
hearth  directly  before  the  fire-bridge.  The  doors  are  now  left 
open  for  a  short  time,  and  the  metallic  lead  which  has  been 
pushed  down  before  the  bridge  with  the  slag  flows  back  to  the 
lower  part  of  the  sole. 

The  occasional  cooling  of  the  furnace  is  thought  to  facilitate  the 
separation  of  the  products,  and  thereby  shorten  the  q>eration. 

At  the  expiration  of  firom  three  to  three  and  a  half  hours,  the 
damper  is  entirely  opened,  and  the  grate  supplied  with  a  larger 
amoimt  of  fuel ;  the  doors  are  then  all  shut,  and  the  furnace  is 
left  in  that  state  during  three  quarters  of  an  hour. 

At  a  little  more  than  four  hours  firom  the  time  of  first  chaigmg, 
the  doors  are  again  opened,  and  the  assistant  stirs  the  contents 
of  the  furnace,  ror  the  purpose  of  facilitating  the  descent  into  the 
interior  basin  of  the  particles  of  metallic  lead,  whilst  the  amdter 
pushes  back  to  him  the  slags  which  have  accumulated  in  the  lower 
part  of  the  furnace.  A  little  quicklime  is  also  again  added,  for  the 
double  purpose  of  liberating  a  portion  of  oxide  of  lead,  and  ren- 
dering the  slags  less  liquid  and  more  easy  of  removal.  More  fire 
is  now  placed  on  the  grate,  and  a  little  powdered  coal  thrown  into 
the  furnace ;  the  doors  are  again  shut,  and  remain  closed  duiing 
forty  minutes.  At  the  expiration  of  this  period  the  doors  are  aB 
reopened,  and,  by  imclosing  the  tap-hole,  the  smelter  allows  the 
metallic  lead  to  flow  into  an  exterior  iron  basin  prepared  for  its 
reception.    More  quicklime  is  afterwards  thrown  into  the  inner 
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reservoir,  and  tbe  slags  thus  dried  up  are  subsequentlj  removed 
bj  the  labourer  through  one  of  the  back  doors  of  the  Aimace. 

At  Holywell,  each  ton  of  ore  smelted  consumes  ten  cwts.  of 
eoal;  but  at  Qrassington,  in  Yorkshire,  where  a  more  fusible 
galena  is  employed,  and  the  operation  is  extended  over  a  some- 
what longer  time,  the  same  amount  of  ore  is  elaborated  at  an  ex- 
pense of  7}  cwts.  only  of  fod. 

The  whole  shift  of  a  smelting  furnace,  including  the  time  neces- 
saiT  for  casting  the  lead  into  pigs,  occupies  firom  5^  to  7  hours. 

In  this  process,  the  first  effect  produced  on  the  ore  by  its  gra- 
dual roasting  is  to  convert  a  portion  of  the  galena  into  sulphate 
of  lead  by  the  oxidation  of  its  constituents ;  another  part  becomes 
changed  into  oxide,  with  the  evolution  of  sulphurous  acid  gas ; 
whilst  a  third  quantity  remains  either  entirely  unaffected,  or  but 
slightly  modified  by  the  treatment  to  which  it  has  been  subjected. 
When,  in  the  after  periods  of  the  operation,  these  three  subsfcances 
are  strongly  heated,  a  reaction  takes  place  between  the  oxide 
and  sulphate  of  lead  formed  and  the  undecomposed  sulphide; 
this  gives  rise  to  the  hberation  of  metallic  lead,  which  is  col- 
lected in  the  bottom  of  the  furnace,  and  the  formation  of  sul- 
phurous add,  which  escapes  in  the  gaseous  form,  and  is  carried  off 
by  the  flues  to  a  high  chimney,  from  which  it  escapes  into  the 
atmosphere.  This  repeated  cooling  of  the  furnace  during  the 
manipulation  brings  back  the  fused  materials  to  a  pasty  concHtion, 
in  which  state  they  admit  of  being  readily  disintegrated  by  the 
action  of  the  pad<&e,  and  consequently  afford  a  larger  surface 
exposed  to  the  action  of  the  atmosphere  present  in  the  apparatus. 
The  porosity  of  the  mass  likewise  &cilitates  the  percolation  of  the 
streamlets  of  metalHc  lead,  which  thereby  more  readily  gain  access 
to  the  internal  reservoir  of  the  sole. 

The  drying  up  of  the  slags  by  the  use  of  caustic  lime  tends  to 
liberate  the  oxide  of  lead  present  in  those  compounds,  and  this, 
on  being  set  free,  reacts  on  any  undecomposed  sulphide  which  has 
Ksisted  decomposition  by  roasting.  It  is  also  of  service  in  mecha- 
nically thickening  the  scorisB,  and  thereby  rendering  them  fit  for 
■ubsequent  removal  by  the  rake.  The  iron  took  employed  in  this 
operation  are  rapidly  attacked  by  the  fiised  galena,  and  also  tend 
to  effect  the  liberation  of  the  metallic  lead.  The  small  quantities 
of  ooal  which  are  likewise  added  in  the  latter  stages  of  the  opera- 
tion, aid  in  the  reduction  of  the  oxide  formed,  and  prevent  the  oxi- 
dation of  the  reduced  metal  obtained  by  the  other  reactions. 

^^■icteiiif  Mr  imKfirmHm^ — The  metal  obtained  by  the  process 
Above  described,  almost  invariably  contains  a  sufficient  amoimt  of 
nlver  to  render  its  extraction  a  matter  of  commercial  importance; 
bat,  in  addition  to  this,  it  is  not  unfrequently  associated  with  anti- 
inony,  tin,  copper,  and  some  other  impurities,  which  require  to  be 


496 


LEJLD. 


remoYed  before  the  separation  of  the  silver  can  be  advantageondj 
undertaken.  When  English  ores  have  been  operated  on,  the  lead 
obtained  is  usually  of  si:^cient  purity  to  admit  of  being  at  onoe 
passed,  in  accordance  with  its  richness,  either  to  the  refinery  or 
desilverising  pots;  but  when  foreign,  and  particularly  Spanish 
minerals  have  been  treated,  it  is  all  but  impossible  to  obtain  good 
lead  without  the  intermediate  process  of  calcination.  This  opera- 
tion consbts  of  fusing  the  alloy  in  a  reverberatory  furnace  of 
peculiar  construction,  and  allowing  it  to  remain,  when  in  a  melted 
state,  exposed  for  a  more  or  less  considerable  period  to  the  oxidis- 
ing influences  present  in  the  apparatus.  By  this  treatment,  tiie 
antimony,  tin,  and  other  metals,  together  with  a  portion  of  the 
lead,  become  oxidised,  and  are  gradually  removed  fix>m  the  sur- 
face of  the  bath  by  an  iron  rake ;  thus  oonstantty exposing  afresh 
surface  to  the  action  of  the  gases  of  the  furnace,  until  the  greater 
portion  of  the  impurity  is  removed,  and  a  pure,  or  nearly  pure, 
alloy  of  lead  and  sUver  is  obtained. 


193. 


The  furnace  in  which  this  operation  is  conducted  is  represeaited 
figs.  193  and  194:  fig.  193  is  a  vertical  section,  whilst  fig.  194 
shows  the  general  arrangement  of  the  ground  plan. 
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The  sole  of  this  arrangement  consists  of  a  large  cast  iron  pan, 
A  B,  10  feet  in  length,  5  feet  in  width,  9  inches  in  depth  at  the 
extremity,  a,  and  8  inches  at  the  other.  This  is  placed  perfectlj 
lev^  and  rests  on  a  mass  of  masonry  2  feet  6  inches  above  the 
floor,  and  is  bedded  on  a  thin  layer  of  sand,  in  order  that  it  may 
'  take  in  every  part  a  good  and  equal  bearing.  Aronnd  this  pan, 
but,  to  allow  for  expansion,  not  in  contact  with  it,  are  built 
the  sides  on  which  the  arch  of  the  furnace  is  supported.  This 
arch  is,  at  the  extremity.  A,  6  inches  above  the  level  of  the  sole 
pan,  whilst  at  the  other  extremity,  b,  it  is  1  foot  6  inches  from  the 
same  line.  The  fire-place  is  5  feet  in  length,  and  1  foot  6  inches 
in  width,  and  is  divided  from  the  lead-pan  by  a  fire-bridge  2  feet 
3  inches  in  width,  and  rising  about  8  inches  over  the  edge  of  the 
quadrangular  iron  basin. 

At  the  other  extremity  of  the  furnace  are  the  flues,  B,  by  which 
the  draught  into  the  main  chimney  is  established.  The  pan  is 
likewise  Aimished  with  an  iron  lip,  T,  by  which  its  contents  can 
be  run  off  into  a  tripod  receiving-pot  when  sufficiently  purified. 
The  large  iron  pot,  B,  set  in  brick-work,  is  used  for  the  purpose  of 
fusing  the  pigs  of  impure  lead  to  be  operated  on,  which  is  after- 
wards laded  into  the  calcining  furnace  by  the  aid  of  a  sheet-iron 
spout  introduced  through  the  aperture,  H,  which,  when  not  thus 
employed,  is  carefully  shut  by  a  small  damper. 

The  charge  of  one  of  these  furnaces  varies  from  6  to  8  tons ; 
and  before  it  can  be  laded  in,  the  spout,  r,  which  is  grooved  for 
the  reoeplaon  of  a  door,  is  closed  by  the  introduction  of  a  proper 
plate  of  sheet  iron,  behind  which  is  placed  a  dam  made  of  a  fire- 
brick firmly  luted  in  its  place  with  a  httle  moistened  bone-ash. 
The  brick,  together  with  the  external  iron  plate,  is  notched  at  the 
lower  extremity,  so  as  to  form  a  sort  of  tapping-hole  at  the  level 
of  the  bottom  of  the  iron  pan. 

When  the  dam  has  been  properly  arranged,  and  the  fire  has 
been  lighted  sufficiently  long  to  heat  the  sole-plate  to  incipient 
redness,  the  fused  metal  is  laded  into  the  furnace,  and  the  opera-! 
tion  of  calcination  begins.  The  alloy  which  has  been  charged 
into  the  furnace  soon  becomes  covered  on  the  surface  with  a  thick 
granular  scum,  which  is  frequently  removed  by  an  iron  rake 
through  the  door,  i,  and  a  clean  metallic  surface  thus  constantly 
exposed.  The  length  of  time  required  for  the  purification  of  the 
lead  necessarily  depends  on  the  nature  and  amoimt  of  the  sub- 
stance with  which  it  is  combined;  and  consequently  some  va- 
rieties of  hard  lead  will  be  sufficiently  improved  at  the  expiration 
of  twelve  hours ;  whilst  it  is  necessary  in  other  instances  to  con- 
tinue the  operation  during  three  or  four  consecutive  weeks. 

When  the  metal  is  in  a  fit  state  for  tapping,  a  small  portion 
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taken  out  with  a  ladle  and  poured  into  a  small  mould  used  for 
this  purpose  is  observed,  on  cooling,  to  assume  on  the  sur&oe 
a  peculiar  flaky  crystalline  appearance,  which,  when  onoe  seen,  is 
easily  i^;ain  reoogsuodd.  Immediately  that  this  appearanoe  pre- 
sents itself,  the  plug  of  bone-ash  is  withdrawn,  and  the  lead  nm 
off,  through  a  moveable  iron  spout,  into  a  pot  supported  on  a 
tripod  stimd,  from  which  it  is  subsequently  laded  out  into  moulds. 

Vmccm. — ^This  method  is  founded  on  the  drcumstanee,  first  no- 
ticed in  the  year  1829,  by  H.  L.  Pattinson,  Esq.,  of  Newcastle-on- 
Tyne,  that  when  lead  containing  silver  is  melted  in  a  suitable 
vessel,  and  afterwards  suffered  to  cool  very  slowly  with  constant 
stirring,  at  a  certain  temperature,  near  the  melting  point  of  lead, 
small  metallic  crystals  begin  to  form  within  the  fluid  alloy,  whidi, 
as  rapidly  as  they  are  produced,  sink  to  the  bottom,  and,  on  being 
removed,  are  found  to  contain  much  less  silver  than  the  lead  ori- 
ginally operated  on :  the  still  fluid  alloy  from  which  the  iajsiah 
have  been  removed  is  at  the  same  time  rendered  proportionally 
richer  in  silver. 

The  application  of  this  discovery  constitutes  *'  Pattinson's  Pro- 
cess," which,  when  the  above  detailed  principles  have  been  pro- 
perly understood,  becomes  extremely  simple.  A  series  of  eight 
or  ten  cast  iron  pots  are  set  in  a  row,  with  a  fire-plaoe  beneath 
each.  These  are  each  capable  of  holding  about  5  tons  of  molten 
lead ;  and,  on  commencing  the  operation,  that  quantity  of  metal, 
which  is  calkd  original  lead,  containing,  it  may  be,  about  10  <». 
of  silver  per  ton,  is  introduced  mto  one  of  them  placed  about  the 
middle  of  the  series ;  this,  when  melted,  is  care^y  skimmed  with 
a  small  perforated  ladle,  and  the  fire  immediately  withdrawn  from 
beneath  the  pot.  The  lead  then  b^;ins  very  slowly  to  cool,  and 
is  constantly  kq)t  stirred  with  a  long  iron  paddle  or  slice.  In  a 
short  time  small  solid  partides  or  oystals  of  lead  begin  to  form 
among  the  fluid  mass ;  and  these,  as  they  accumulate  and  fall  to 
the  bottom  of  the  pot,  are  removed  by  means  of  a  large  perf<Mrated 
ladle,  in  which  they  are  well  shaken,  and  afterwards  carried  over 
to  the  next  pot  to  the  right  in  the  series.  This  operation  goes  on 
until  about  four  tons  of  crystals  are  taken  out  of  the  pot  No.  4, 
in  which  we  will  suppose  the  original  lead  to  have  been  melted, 
and  have  been  placed  in  the  pot  No.  3,  at  which  time  the  lead  of  the 
pot  No.  4  will  contain  about  thirty  ounces  of  silver  per  ton,  and 
that  contained  in  No.  3  only  about  five  ounces.  The  enriched  lead 
in  the  bottom  of  pot  No.  4  is  then  laded  into  the  next  pot,  No.  5, 
to  the  left  in  the  series,  and  the  same  operation  repeated  in  pot 
No.  4  on  a  fresh  quantity  of  lead. 

In  this  way  original  lead  is  constantly  introduced,  and  the  re- 
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suiting  poor  lead  passes  contmually  to  the  right,  whilst  the  enriched 
alloy  is  passing  towards  the  left ;  and  as  each  pot  in  the  series, 
when  filled  up  with  lead  of  its  own  qnahty  as  regards  produce  in 
silver,  is  continually  crystallised,  the  poor  lead  passing  to  the  right 
and  the  rich  to  the  lefb,  it  evidently  follows  that  the  crystab  from 


195. 


the  pots  to  the  right  must  hecome  gradually  deprived  of  their 
silver,  whilst  the  enriched  lead,  as  it  advances  successively  from 
pot  to  pot  towards  the  left,  hecomes  richer  and  richer ;  the  final 
result  being  that  at  the  end  of  the  series  the  poor  lead  contains 
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but  a  mere  trace  of  silyer,  whilst  the  liqtiid  aDoy,  on  the  other 
hand,  becomes  so  rich,  that  a  hurge  plate  of  silver  is  obtained  br 
submitting  but  a  small  quantity  of  it  to  cupdlation.  By  tiiese 
repeated  crystallisations,  the  quality  of  the  poor  lead  is  likewise 
found  to  be  much  improved. 

This  process  is  now  followed  in  neariy  all  the  lead-mining  dis- 
tricts of  Oreat  Britain,  and  by  it  the  produce  of  silver  in  the 
United  Kingdom  has,  within  the  last  twenty  years,  been  more 
than  doubled.  In  addition  to  this,  large  quantities  of  lead  are 
annually  brought  to  England  for  the  purpose  of  being  desilverised 
by  its  application. 

The  arrangement  of  the  pots  in  which  the  cnrstallisation  of 
lead  containing  silver  is  carried  on  is  represented  figs.  195  and 
196 ;  but,  from  want  of  space,  three  only  of  the  series 
are  included  in  the  woodcut,  a  a  are  the  ordinaiiy 
working-pots  in  which  the  crystals  are  obtained,  b  b 
the  poor  or  market-poiy  placed  at  the  extreme  right  of 
the  arrangement,  and  which  is  smaller  than  the  others : 
from  this  pot  the  poor  lead  is  laded  out  into  the  moulds, 
and  for  this  purpose  it  is  a  little  less  raised  above  the 
level  of  the  floor  than  those  which  are  adjoining. 
During  the  working  of  the  process,  the  ladle  employ^ 
in  taking  out  the  crystals  is  liable  to  become  chiUed ; 
and  when  this  is  the  case,  the  lead  adheres  to  it  so 
firmly  as  to  stop  up  the  holes  with  which  it  is  per- 
forated. To  remedy  this  inconvenience,  as  weU  as  to 
prevent  rich  lead  being  carried  over  with  the  ciystals, 
small  vessels,  full  of  ftised  lead,  raised  to  a  higher  tem- 
perature than  that  of  the  larger  pans,  are  placed  be- 
tween each  two,  with  the  exception  of  the  market-pot, 
which,  as  it  is  not  used  for  preparing  crystals,  is  never 
worked  in  the  same  way  aa  the  others.  These  vessels, 
c,  are  called  fe?np6r-po£9,  and  are  usually  18  inches  in 
diameter,  and  therefore  Just  admit  the  ladle  and  allow 
it  to  stand  upright.  The  ash-pit,  it,  of  l^e  arrange- 
ment extends  the  whole  length  of  the  series,  smd  is 
partially  covered  by  the  flooring,  r,  which  is  supported 
by  a  row  of  slender  iron  pillars.  This  is  approached 
by  a  flight  of  steps,  e,  by  which  theworkmen  can  descend 
for  the  purpose  of  attending  to  the  fires,  a. 

The  ladle  by  which  the  crystals  are  removed  from 

the  pots,  fig.  197,  is  about  16  inches  in  diameter  and 

5  inches  in  depth :  the  part  which  is  of  iron  is  about 

4  feet  6  inches  in  length,  and  into  the  socket  is  in- 

197.       serted  a  wooden  han^e,  which  may  be  five  feet  in 
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length.  The  bottom  of  the  ladle  is  pierced  with  numerous  holes 
for  the  escape  of  the  Hqnid  alloy ;  and,  to  prevent  its  breaking 
when  full  of  ciystallised  metal,  the  pturt  of  the  shank  where  it 
is  welded  to  the  bowl  is  made  exbremelj  thick  and  strong. 
When  this  strainer  has  been  Med  with  crystallised  lead,  it  is 
drawn  out  of  the  pot  by  the  weight  of  the  workman,  who  steps  on 
the  top  of  the  bnck-work  and  uses  the  wooden  handle  as  a  lever, 
by  which  he  again  lets  himself  down  on  the  floor.  On  the  edge 
of  each  pot  is  placed  a  large  pig  of  lead,  into  the  upper  surface  of 
which  a  bar  of  iron  has  b^n  c^,  and  this  serves  as  a  fulcrum  on 
which  the  shank  of  the  ladle  rests  whilst  it  is  being  violently 
shaken  by  the  workman,  who,  standing  on  a  wooden  bridge  thrown 
over  the  ash-hole,  applies  all  his  force  in  jerking  at  the  other 
extremity. 

When  the  crystallised  lead  has  been  sufficiently  drained  by 
this  treatment,  the  shank  of  the  ladle  is  placed  in  a  hook  attached 
to  a  chain  hanging  from  one  of  the  beams  of  the  roof,  and  is 
thereby  swung  over  the  pot  next  in  the  series  to  the  right,  where 
its  contents  are  allowed  to  fiedl.  The  poor  lead  prepared  by  this 
process  should  never  contain  more  thfm  10  dwts.  of  silver  to  the 
ton  of  metal ;  and  the  rich  lead  is  seldom  concentrated  much 
beyond  500  ounces  to  the  ton,  as  beyond  this  point  the  crys- 
tals ob1»ined  become  too  strongly  charged  with  the  more  vsJu- 
able  metal. 

PiBvkM^  Pyc—  §n  Desilvcrialmg  IjmuL  —  This  invention  is 
founded  on  the  property  possessed  by  zinc  of  uniting  with  the  silver 
contained  in  argentiferous  lead,  and,  when  fused  together,  forming 
with  it  an  alloy  which  is  readily  skimmed  off  from  the  surfiice  of 
the  metallic  bath.  Messrs.  Ne^e  &  Co.,  who  employ  this  process 
of  desilverisation  in  their  works  at  Llanelly,  conduct  the  various 
operations  as  follows : — 

The  lead  to  be  desilverised  is  first  fused  in  a  large  cast-iron  pot 
similar  to  those  used  for  Pattinson's  process,  and  by  the  side  of  this 
is  placed  a  much  smaller  one,  in  which  is  melted  the  zinc  to  be 
employed  during  the  operation.  When  the  lead  in  the  large  pot 
has  b^n  completely  fused,  its  surface  is  freed  from  dross  by  means 
of  a  small  perforated  iron  ladle,  and  its  temperature  is  then  raised 
to  the  fusing  point  of  zinc,  or  nearly  so.  The  melted  zinc  is  now 
added  to  the  lead  in  the  proportion  of  from  !(  to  2  lbs.  for  every 
ounce  of  silver  contained  per  ton  of  the  lead  operated  on,  and  the 
alloy  is  then  well  stirred  and  mixed  together  for  about  twenty 
minutes.  When  this  has  been  done,  the  fire  is  withdrawn  from 
beneath  the  larger  pot,  and,  in  proportion  as  it  cools,  a  thick 
scum  rises  to  the  surface,  and  is  skimmed  off  by  means  of  ladles 
idnular  to  those  employed  for  the  ordinary  process  of  crystaUisa- 


502  LEAD. 

tioiu  The  alloy  thus  obtained  oonsists  of  a  mixtirre  of  lead  and 
zinc,  containing  almost  the  whole  of  the  silver  originally  present 
in  the  lead  treated,  and  is  subjected  to  a  process  of  liquation  in 
an  inclined  iron  retort.  By  this  means  a  large  portion  of  the 
lead  present  is  eliminated,  whilst  the  zinc,  t(^ther  with  the  sfl- 
yer  and  traces  of  lead,  remain  in  the  retort.  The  lead  thus 
separated  from  the  alloy  of  zinc  and  silver  contains  on  an  average 
about  6  ounces  of  silver  per  ton.  On  treating  this  rich  lead  in 
an  ordinary  softening  furnace,  the  zinc  which  it  contains  rises  to 
the  Bur£Bice  in  combination  with  the  silver,  and  is  readily  removed 
by  skimming. 

The  argentiferous  alloy  remaining  in  the  liquation  retort  is 
next  removed  to  a  Silesian  zinc  fiurnace,  in  which  the  zinc  is 
separated  by  the  ordinary  process  of  distillation,  and  is  oondraised 
for  Au-ther  use,  whilst  the  silver  remains  in  the  retort  in  combina- 
tion with  a  little  lead,  and  is  more  or  less  contaminated  with  the 
oxides  of  lead  and  zinc. 

The  silver  thus  obtained  is,  with  the  addition  of  a  little  lead, 
treated  in  an  ordinary  refining  furnace ;  whilst  the  oxides  of  lead 
and  zinc,  which  are  also  argentiferous,  are  added  to  the  yarious 
silver  ores  smelted  in  the  establishment.  At  Llanelly,  each  pot 
is  capable  of  containing  from  6  to  7  tons  of  lead,  and  yields  from 
17  to  18  cwts.  of  argentiferous  skimmings.  These  skimmings, 
when  treated  in  the  first  retort,  yield  about  80  per  cent,  of 
eliquated  lead,  and  20  per  cent,  of  argentiferous  matters,  which 
are  passed  to  the  Silesian  frumace. 

The  lead  which  remains  in  the  larger  pot  after  the  removal  of 
the  argentiferous  skimmings  is  at  once  removed  to  the  calcining 
or  improving  fiimace,  from  which  the  products  obtained  are  soft> 
ened  lead  and  a  very  small  quantity  of  argentiferous  dross,  whidi 
is  added  to  that  formed  during  the  various  other  stages  of  the 
operation. 

This  method  is  said  to  be  more  economical  than  ciystalliaation^ 
but  it  has  the  disadvantage  of  not  separating  the  silver  quite  so 
effectually  as  Pattinson's  process,  and  the  1^  produced  is  also 
harder  and  whiter  than  that  obtained  by  the  ordinary  process. 
The  lead  treated  according  to  Eeurkes's  patent  usually  retains  about 
one  ounce  of  silver  per  ton. 

wummtrng  mt  Mlvw — The  extraction  of  the  silver  contained  in 
rich  lead  is  conducted  in  a  cupel  forming  the  bottom  of  a  pecu> 
liarly  arranged  reverberatoiy  furnace,  cafled  a  refinery,  figs.  198 
and  199.  In  this  operation,  l^e  litharge  produced,  instead  of 
being  absorbed  by  the  substance  of  the  cupel,  is  run  (^  in  the 
fluid  state  by  a  contrivance  presently  to  J)e  described.  The  fire- 
place, A,  is  about  two  feet  square,  and  separated  from  the  body  of 
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the  furnace  bj  a  fire-bridge  18  inches  broad,  bo  that  the  flame 
and  heated  air  pass  directly  over  the  surface  of  the  cupel,  B,  and 
from  thence  escape  through  the  two  openings,  c,  into  the  flue,  d, 
in  connection  with  the  main  chimney  of  the  establishment.  The 
cupel,  or  test,  consists  of  an  oval  iron  frame,  surrounded  by  a  ring 
four  inches  in  depth  ;  its  greatest  diameter  being  four  feet,  and 
its  lesser  about  tluree.  This  frame  is,  in  order  the  better  to  sup- 
port the  bottom  of  the  cupel,  provided  with  four  or  more  cross- 
bars, which  are  four  inches  in  width  and  half  an  inch  in  thickness : 
the  first  of  these  is  placed  about  nine  inches  from  the  fore  part  of 
the  frame,  and  the  other  at  equal  distances  from  this  bar  to  the 
other  extremity  of  the  rim.  The  test-frame  is  now  beaten  full 
of  finely-powdered  bone-ash,  slightly  moistened  with  water,  con- 
taining a  small  quantity  of  carbonate  of  potash  (pearlash),  which 
has  the  property  of  agglutinating  and  giving  consistency  to  the 
bone-ash  when  heated.  The  centre  of  the  cupel,  after  the  ring 
has  been  well  filled  with  this  mixture  and  solidly  beaten  down 
with  iron  rammers,  is  scooped  out  by  a  small  trowel  imtil  the 
sides  are  left  two  inches  in  thickness  at  top,  and  three  inches 
wide  at  bottom ;  whilst  the  thickness  of  the  sole  itself  is  reduced 
to  one  inch  above  the  surface  of  the  iron  cross-pieces.  At  the 
fore  part  of  the  test,  called  the  breast,  the  width  of  the  border  is 
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increased  to  five  inches;  and  a  hole  is  here^cat  l^uoo^  the 
bottom  which  connnnnicates  with  the  passage  or  ^atewwi  by 
which  the  fluid  Htharge  makes  its  ewsi^. 


199. 

The  test,  when  thus  prepared,  is  pkced  in  the  lefineiy  fuinaee, 
of  which  it  forms  the  bottom,  and  is  wedged  at  its  proper  height 
against  an  iron  ring,  or  eon^ws-bar,  firmly  built  into  the  masonry. 
The  height  of  the  arch  of  the  fturnace  above  this  bar  is  thirteen 
inches  on  the  side  of  the  fire-bridge,  and  eleven  at  the  flues. 

When  this  fomace  is  first  lighted  it  is  necessary  to  apply  the 
heat  with  considerable  care,  since,  if  before  the  test  had  become 
properly  dry  it  were  subjected  suddenly  to  too  high  a  temperature, 
it  would  be  liable  to  split  and  &11  to  pieces.  As  soon  as  it  has 
become  dry,  and  is  brought  to  a  cherry-red  heat,  it  is  nearly  filled 
with  the  rich  lead  to  be  operated  on,  and  which  has  been  pre- 
viously fused  in  the  cast-iron  pot,  E,  beneath  which  is  a  small 
pit-coal  fire.  The  melted  lead,  when  first  laded  into  the  furnace 
through  the  spout, «,  becomes  covered  on  its  sur&ce  by  a  greyish 
dross;  but,  on  increasing  the  heat  to  incipient  whiteness,  the 
surf]^)e  of  the  bath  uncovers,  and  a  covering  of  ordinaiy  oxide  of 
lead  or  Htharge  b^;ins  to  form. 

T)ie  blowing  j^paratus,  which  furnishes  the  blast  to  the  tuyere, 
/,  is  now  set  in  motion,  and  forces  the  litharge  from  the  back  of 
the  cupel  ud  to  the  breast,  i^id  over  the  gateway,  from  which  it 
falls  through  the  aperture  in  the  cupel  into  a  moveable  iron  pot 
placed  for  that  purpose  on  a  level  with  the  floor  of  the  smeltLag 
hous^.  The  current  of  air  which  may  be  supplied  either  by  a 
ventilator  or  bellows,  not  only  sweeps  off  the  lithaige  finom  the 
surfiuse  of  the  lead,  but  also  fiimishes  the  oxygen  required  for  its 
formation,  care  being  at  the  same  time  taken  to  keep  up  the  proper 
degree  of  heat.  • 
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In  proportion  as  the  snrfiu^e  of  tbe  lead  becomes  depressed  by 
its  continual  oxidation  and  the  constant  removal  of  the  lithaige 
formed,  more  metal  is  added  from  the  melting  pot  so  as  to  raise 
it  to  its  proper  height,  and  in  this  mamier  the  operation  is  con- 
tinued until  about  five  tons  of  rich  lead  have  in  successive  portions 
been  introduced  into  the  test. 

The  contents  of  the  cupel  are  now  so  far  reduced  in  volume 
that  the  whole  of  the  silver  contained  in  the  metal  operated  on 
may  remain  in  combination  with  only  two  or  three  hundred 
weight  of  lead,  which  is  now  removed  from  the  test  by  making 
a  hole  through  the  bone-ash  forming  the  bottom.  When  the 
rich  lead  has  been  thus  removed,  the  tapping-hole  is  again  closed 
by  a  pellet  of  moistened  bone-ash,  and  another  charge  is  imme- 
diately introduced.  After  a  sufficient  number  of  these  parcels  of 
rich  lead  have  been  obtained  as  are  found  by  assay  to  be  capable 
of  yielding  a  cake  of  silver  weighing  from  three  to  five  thousand 
ounces,  they  are  again  melted  down,  and  placed  in  a  cupel, 
where  the  process  of  extracting  the  pure  silver  is  completed.  The 
test  used  for  this  purpose  Oifiers  from  that  in  which  the  lead  is 
first  introduced,  inasmuch  as  it  is  so  hollowed  out  in  the  bottom 
as  to  ffive  thickness  to  the  resulting  plate  of  silver,  and  allow 
space  lor  the  removal  of  the  Htharge  around  its  edges  after  the 
operation  has  been  completed.  The  brightening  of  the  pure  silver 
at  the  moment  of  separating  the  last  traoss  of  combined  lead,  takes 
place  in  the  large  furnace  as  in  the  small  cupel,  and  the  aborescent 
forms  produced  on  the  surfiice  of  the  plate  at  the  moment  of 
cooling  are  frequently  of  the  most  beautiful  description.  The 
small  hood  and  chimney,  g^  shown  in  the  woodcut,  are  for  the 
purpose  of  carrying  off  the  fumes  of  lead  generated  during  the 
operation,  and  which,  if  breathed  by  the  workmen,  would  be  pro- 
ductive of  the  most  prejudicial  effects. 

Previous  to  the  discovery  of  the  present  methods  of  improving 
and  enriching  the  metal  obtained  du-ectly  from  the  ores,  none  but 
moderately  rich  leads  could  be  treated  for  the  silver  which  they 
contained,  as  they  were  on  their  reduction  immediately  sent  to 
the  reimery,  where  the  combined  silver  was  extracted,  whilst  the 
whole  of  the  associated  lead  became  converted  into  litharge,  which 
had,  at  a  considerable  expense,  again  to  be  reduced  to  the  metallic 
state.  This  method  of  treatment  not  only  involved  the  expendi- 
ture of  a  large  amoimt  of  coal,  but  likewise  the  loss  of  at  least  7 
per  cent,  of  the  lead  operated  on ;  and  consequentlv  lead  that  did 
not  contain  from  9  to  11  oz.  of  silver  per  ton,  did  not  admit  of 
being  profitably  refined.  When  the  lead  and  silver  were  also 
associated  with  tin  or  antimony,  the  difficulty  and  expense  of  this 
process  were  much  increased,  and  proportionally  richer  ores  were 
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oonseqnentl  J  reqtiized  in  order  to  render  its  extraction  a  profitable 
undertaking.  By  the  improved  methods  just  descrihed,  lead  con- 
taining hut  3  oz.  of  silver  to  the  ton  of  metal  may  be  refined 
with  advantage,  as  from  the  circumstance  of  the  whole  of  the 
silver  being  concentrated  in  about  1-tenth  of  the  weight  of  kad, 
a  very  small  portion  of  that  metal  is  dissipated  during  the  ciq)el- 
lation.  When  very  rich  lead  is  operated  on,  the  plate  of  silver  is 
sometimes  directly  worked  off,  instead  of  tipping  the  rich  alloy 
from  the  cupel  in  the  way  above  described.  The  last  portions  oi 
litharge  obtained  from  the  refining  furnace  carry  off  with  them  a 
notable  quantity  of  silver,  and  are,  therefore,  tc^ether  with  the 
reduced  cupel  bottoms,  again  treated  for  the  extraction  of  that 
metal. 

wu^mtim^ — ^The  reduction  to  the  metallic  state  of  the  liUiaige 
from  the  refinery,  the  pot  dross,  and  the  mixed  metallic  oxides 
from  the  calcining  pans,  is  effected  in  a  reverberatory  apparatus 
somewhat  resembui^  in  form  the  smelting  furnace,  excq>t  that  its 
dimensions  are  smalkr,  and  that  the  eole,  instead  of  being  lower 
beneath  the  middle  door  than  at  any  other  part,  gradually  slopes 
down  from  the  fire-bridge  to  the  flue  at  the  opposite  extremity, 
where  there  is  a  depression,  in  which  is  situated  the  ti^hole ; 
this  constantly  remains  open,  and  from  it  the  reduced  metal 
continuaUy  flows  out  into  a  small  iron  pot  placed  on  the  side  of 
the  fiumace,  for  its  reception :  from  this  it  is  subsequently  laded 
into  proper  moulds,  usually  bearing  the  name  of  the  smelting 
company  by  which  it  has  been  prepared. 

Before  being  thrown  into  the  furnace,  the  lithai^  is  intimately 
mixed  with  a  quantity  of  sm^  coal,  and  is  then  diarged  on  that 
part  of  the  hearth  which  lies  immediately  before  the  fire-bridge. 
To  prevent  the  fused  oxide  from  attacking  the  bottom  of  the  fur- 
nace, and  also  to  afford  a  sort  of  hollow  fiSber  for  the  liquid  metal, 
the  workman,  before  charging  the  substance  to  be  reduced,  covers 
the  sole  with  a  layer  of  about  two  inches  in  thickness  of  bituminous 
coals.  The  heat  of  the  furnace  veiy  soon  causes  the  ignition  of 
this  stratum,  and  it  therefore  quickly  becomes  burnt  to  the  state 
of  a  spongy  red-hot  cinder,  upon  wluch  the  mixed  lithaige  and 
carbonaceous  matter  is  charged.  The  reducing  gases  present  in 
the  furnace,  aided  by  the  small  coals  in  the  charge  itself,  cause 
the  reduction  of  the  lithai^,  which,  aswiming  the  metallic  form, 
gradually  flows  through  the  interstices  in  the  cinder,  and  falls  into 
the  depression  at  the  extremity  of  the  hearth,  firom  whence  it 
gradually  flows  through  an  iron  spout  into  the  external  pot  in 
which  it  is  collected.  The  surface  of  the  charge  is,  during  its 
elaboration,  frequently  scratched  over  with  an  iron  rake,  pme^  for 
the  double  purpose  of  exposing  new  surfaces  to  the  action  of  the 
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furnace,  and  also  to  enable  the  reduced  lead  to  more  readily  flow 
down  to  the  other  end  of  the  sole,  and  which,  if  too  long  exposed 
to  the  action  of  the  heated  gases,  would  experience  considerable 
loss  from  sublimation  into  the  flues.  Fresh  quantities  of  the 
mixture  of  Htharge  and  small  coal  are  from  time  to  time  added,  in 
proportion  as  that  ah-eady  thrown  into  the  furnace  disappears, 
and  at  the  end  of  the  shift,  which  usually  lasts  twelve  hours,  the 
cinder  floor  is  broken  up  and  pined^  together  with  the  residual 
matter  in  the  furnace. 

The  temperature  at  this  period  is  likewise  a  little  raised,  and 
the  last  quantities  of  lead  extracted.  A  furnace  of  this  kind, 
having  a  sole  six  feet  in  length  and  five  in  width,  will,  from 
ordinary  litharge,  afford  about  three  tons  ten  himdred  weight  of 
lead  in  the  course  of  twenty-four  hours. 

Before  reducing  the  dross  from  the  calcining  pans,  it  is  usually 
ground  with  a  certain  admixture  of  pit  coal  under  a  pair  of  heavy 
edge-runners,  by  which  it  becomes  more  equally  intermixed  with 
the  carbonaceous  matters,  and  the  composition  of  the  mass  through- 
out is  rendered  more  imiform. 

The  hard  lead  obtained  by  the  reduction  of  the  dross  is  again 
carried  to  the  calcining  furnace,  where  it  is  a  second  time  sub- 
jected to  a  current  of  oxidising  gases. 

Setch  FnnMce*  mr  Ore  Hcwrtk. — In  many  parts  of  jEngland, 
and  particularly  in  the  counties  of  Durham,  Cumberland,  and 
Northumberland,  the  smelting  of  lead  ores  is  principally  conducted 
in  an  arrangement  called  a  Scotch  furnace,  or  ore  hearth.  This 
consists  of  a  rectangular  cavity  of  masonry,  tweniy-four  inches  in 
length  and  about  twelve  in  breadth ;  its  depth  vanes  from  twenty- 
two  to  twenty-six  inches,  and  the  whole  of  its  internal  surface  is 
lined  with  cast  iron.  The  bottom,  which  consists  of  but  one 
casting,  is  surrounded  by  a  ledge  two  inches  and  a  half  in  thick- 
ness and  five  inches  in  height ;  except  on  the  side  fiicing  the 
wark^stone,  a,  fig.  200,  which  is  two  feet  ten  inches  in  breadth, 
and  about  one  foot  six  inches  in  the  other  direction. 

This  is  also  siurrounded  by  a  narrow  ledge,  b,  on  every  side 
except  at  c,  opposite  the  hearth  bottom.  This  plate  is  placed  with 
a  fall  of  about  six  inches  in  its  whole  width ;  its  upper  side  rests 
on  the  ledge  surrounding  the  hearth-bottom,  or  in  some  instances 
is  united  to  it,  and  only  forms  one  casting :  when  this  is  not  the 
case,  the  joint  between  the  two  is  dosed,  and  made  lead-tight  by 
a  cement  composed  of  a  mixture  of  bone-ash,  moistened  with 
water,  and  well  kneaded  together.  On  the  back  edge  of  tho  fur- 
nace-bottom is  placed  a  prism  of  cast  iron  called  a  bach^Ume,  six 
and  a  half  inches  square  and  twenty-eight  inches  in  length ;  on 
this  rests  the  nozzle  of  the  tuyere,  over  which  is  again  placed 
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another  cagt  iron  prism  called  the  pipe-Mone^  of  the  same  length  as 
the  hack-stone,  and  eight  incdies  in  height.  This  has  at  the  oentro 
a  cavity  for  the  introduction  of  the  tuyere,  and  projects  about  two 
inches  over  the  cavity  of  the  hearth ;  on  it  is  again  placed  anoi^ier 
back-stone  of  the  same  dimensions  as  the  first,  which  completes 
this  side  of  the  hearth,  and  makes  its  total  height  from  the  sole 
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plate  twenty-five  and  a  half  inches.  Along  the  two  lateral  edges 
of  the  hearth-bottom  are  placed  two  prismatic  castings  caUidd 
hearers;  these  are  twenty-six  inches  in  length  and  five  inches 
square,  and  consequently  project  slightly  over  the  upper  edge  of 
the  work-stone.  At  the  height  of  five  inches  above  these  bearers, 
and  at  a  distance  of  twelve  inches  from  the  back  of  the  hearth,  is 
supported  another  bar  of  cast  iron,  called  the  forestone,  which 
rests  on  fire-bricks,  and  has  the  same  form  and  dimensions  as  that 
on  which  rests  the  tuyere  of  the  blowing  apparatus.  The  space 
at  each  end  of  the  fore-stone  is  now  closed  by  a  cube  of  cast  iron 
measuring  six  inches  of  a  side,  called  a  h^stane;  two  others,  of 
similar  dimensions,  are  used  for  making  good  the  space  betwe^ 
the  fore-stone  and  the  back  part  of  the  furnace. 

Before  the  work-stone,  a,  and  set  in  masonry  enclosed  in  a  cir- 
cular cast  iron  jacket,  G,  is  situated  the  lead  pot,  b,  into  which  the 
melted  metal,  as  it  issues  from  the  hearth,  is  conducted  by  the 
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obHqxie  obannel,/,  sunk  beneath  the  surface  of  the  iron  plate. 
In  the  woodcut  this  pot  has  not  been  placed  sufficiently  near  the 
fomaoe.  To  prevent  the  esci^  of  fiimes  into  the  smelting*house, 
which  would  seriously  injure  the  health  of  the  persons  employed, 
ike  entire  hearth  is  enclosed  in  a  hood  of  arched  masonry,  h,  com- 
municating with  the  chimney,  and  in  which  is  left  a  small  door,  i, 
for  the  introduction  of  the  ore  and  fuel.  The  moveable  iron  plate, 
k,  admits  of  being  raised  or  depressed  at  pleasure,  according  to 
the  d^ree  of  draught  required;  and  the  blast  communicating 
with  the  tuyere  is  regulated  by  a  valve  placed  in  a  pipe  ap- 
proached by  the  arched  door-way,  L,  which  is  left  open  for  this 
purpose.  The  brick-work  is  consolidated  and  bound  together 
by  the  heavy  iron  straps,  Z,  kept  in  •  their  places  by  screw-bolts 
passing  through  the  masonry  beneath  the  foundation  of  the 
hearth. 

Treatment  of  Ores  in  the  Scotch  Furnace:  Boasting. — The  ores 
smelted  in  the  Scotch  fiimace  were,  to  within  a  comparatively 
recent  period,  merely  subjected  to  a  careM  mechanical  prepara- 
tion, previous  to  their  dimjt  metallurgic  treatment.  It  has,  how- 
ever, of  late  years  been  found  advantageous  to  roast  them,  so  as 
to  effect  their  partial  desulphuration  and  oxidation,  before  work- 
ing them  for  the  metal  they  contain.  The  furnace  employed  for 
this  purpose  varies  considerably  in  its  dimensions  in  order  to  suit 
the  different  varieties  of  mineral  operated  on,  but  always  consists 
of  a  long  flat  hearth,  covered  by  a  low  arch,  and  heated  by  a  fire- 
place situated  at  one  end ;  there  are  also,  in  most  cases,  two  doors, 
on  either  side,  for  the  withdrawal  and  working  of  the  mineral 
treated.  From  nine  to  eleven  hundred  weight  of  galena  or  other 
ore  of  lead  usually  constitutes  the  charge  of  a  fui^u«  of  this  de- 
scription, and  requires  from  two  and  a  half  to  three  hours  to 
become  sufficiently  roasted.  The  mineral,  which  is  introduced 
into  the  furnace  without  any  kind  of  flux,  is  first  spread  evenly 
over  the  sur&ce  of  the  sole,  and  the  fire  afterwards  so  arranged  as 
to  keep  it  constantly  at  a  temperature  below  the  melting  point  of 
galena.  By  this  means  copious  fumes  of  sulphurous  acid  are  pre- 
sently seen  to  escape  from  its  surfaqe,  and  if  any  portion  sho^d, 
from  approaching  too  nearly  the  point  of  fusion,  become  clammy, 
a  fresh  surfieu^  is  presented  to  the  action  of  the  air.  In  this  way 
a  large  propcnrtion  of  the  sulphur,  arsenic,  &c.,  contained  in  the 
minml  is  driven  off,  and  the  slime  ores  and  other  friable  sub- 
stances are  so  ^  agglutinated  as  to  be  enabled  to  resist  the  force 
of  the  blast  without  being  liable  to  be  carried  off  into  the  flues  in 
the  form  of  fine  dust. 

Smiting. — At  the  termination  of  every  shift,  a  quantity  of  ore 
remains  on  the  hearth  in  a  semi-reduced  state,  called  browse,  and 
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is  more  or  less  mixed  with  firagments  of  coke  and  dinkers,  from 
which  it  is  afterwards  roughly  separated. 

To  commence  a  new  shift,  the  cavity  of  the  fomace  is  filled  Jsp 
with  peat  cut  into  rectangular  hlocks :  those  at  the  back  part  of  the 
hearth  are  heaped  up  without  any  kind  of  order,  but  those  placed 
towards  the  front  are  arranged  in  the  shape  of  ar^ular  walL   The 
bellows  is  now  set  in  action,  and  an  ignited  peat  thrown  imme- 
diately before  the  nozzle,  which  quickly  communicates  the  com- 
bustion to  the  whole  mass.    On  the  top  of  this  a  few  shoveUuls  of 
coal  are  afterwards  sprinkled,  for  the  double  purpose  of  binding 
and  consolidating  the  mass,  and  also  to  increase  the  temperatuie 
obtained.     The  browse  resulting  from  the  preceding  operation  is 
then  thrown  on  the  surfince  of  the  ignited  mass,  and  shortly  after- 
wards the  larger  portion  of  the  matters  contained  in  the  internal 
basin  of  the  hearth,  are,  by  the  aid  of  a  large  rake,  drawn  out  on 
the  work-stone ;  the  refuse,  or  grey  slag,  which  is  known  by  its 
shining  appearance,  is  now  removed  with  a  shovel,  and  thrown  to 
the  right  of  the  furnace.    The  browse  thus  cleaned  from  slag  is 
again  thrown  back  into  the  hearth  with  the  addition,  if  it  be 
required,  of  a  little  finely  powdered  coal.     If,  as  sometunes  hap- 
pens, the  browse  has  not  been  properly  freed  from  slag,  but  be- 
comes pasty,  and  evinces  a  tendency  to  fuse,  it  must  be  hardened 
by  the  addition  of  a  small  quantity  of  quick-lime,  which,  by  its 
affinity  for  the  siliceous  and  other  matters  present,  dries  up  the 
materials  in  such  a  way  as  to  facilitate  the  subsequent  extraction 
of  the  lead.     When,  on  the  contrary,  the  ore  is  found  too  refrao- 
tory,  a  small  addition  of  lime  b  made ;  but  in  this  case  a  less 
quantity  is  employed,  as  it  is  only  intended  as  a  flux  for  the  re- 
fractory matters  present,  and  not,  as  in  the  other  instances,  to  act 
also  as  a  dryer  of  the  too  Visible  scorise  obtained.    The  lumps  of 
slag  which  are  thus  formed  contain  on  an  average  one-t^Dith  part  of 
the  lead  originally  present  in  the  ore,  and  are  therefore  collected 
for  the  purpose  of  being  afterwards  treated  in  a  small  cupola-for- 
nace  called  a  slag-hecnrth. 

When  the  whole  of  the  browse  has  been  thrown  back  into  the 
hearth,  a  few  shovelfuls  of  r^ted  ore  are  sparingly  thrown  on 
the  top  of  it :  before  doing  this,  however,  it  is  necessary  to  remove 
the  sGorisB,  and  place  a  lump  of  peat  before  the  tuyere,  which  not 
only  prevents  any  of  the  mineral  from  entering  the  nozzle,  but 
likewise,  from  its  porosity  and  the  readiness  with  which  it  is 
ignited,  serves  to  spread  the  blast  equally  through  the  difiTerent 
j^irts  of  the  mass.  After  an  interval  of  about  twenty  minutes 
the  contents  of  the  furnace  are  again  drawn  out  on  the  work-stone, 
and  another  portion  of  metallic  lead  is  carried  by  the  channel,/ 
into  the  pan,  s.    The  grey  slag  is  removed  by  the  use  of  the 
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rake,  and  another  lump  of  peat  is  placed  below  the  tuyere.  The 
browse,  together  with  a  proper  quantity  of  coal  and  quicklime, 
are  again  thrown  on  the  fire,  and  on  the  top  of  the  whole  is  laid  a 
fresh  supply  of  raw  or  roasted  ore.  These  operations  are  conti- 
nued during  twelve  or  fourteen  hours,  and  at  the  termination  of 
the  shift  a  produce,  vaiying  with  the  nature  of  the  ore,  of  from 
one  to  two  and  a  half  tons  of  metallic  lead  is  obtained. 

The  lead  prepared  by  this  process  is  invariably  more  pure  than 
that  produced  in  the  smeltii^  furnace :  this  arises  from  the  cir- 
cumstance, that,  being  exposed  to  a  less  elevated  temperature,  the 
mofre  fusible  constituents  of  the  ore  are  alone  obtained,  whilst  in 
the  smelting  furnace  the  heat  employed  is  so  great  as  to  effect  the 
reduction  of  some  of  the  foreign  me^ds  contiuned  in  the  mineral, 
which,  by  entering  into  combination  with  the  liberated  lead,  tend 
to  impair  its  quality. 

Mb«  Hawth. — ^The  various  slags  obtained  from  the  different 
^erations  of  a  lead-smelting  vforia  are  divided  into  two  classes. 
Those  which  contain  so  sm^l  a  proportion  of  metal  that  its  ex- 
traction cannot  be  conducted  with  advantage  are  thrown  away ; 
whilst  those  in  which  the  amount  of  lead  is  sufficiently  consider- 
able are  treated  in  the  slag-hearth. 

This  consists  of  a  blast  farnauce—foumeau  6  manche — ^having  the 
form  of  a  rectangular  prism,  about  twenty-six  inches  in  length, 
twenty-two  in  breadth,  and  thirty-three  in  height.  The  bottom 
is  composed  of  a  cast  iron  plate  two  inches  in  thickness,  which  is 
laid  with  a  slight  inclination  from  the  side  of  the  tuyere  towards 
the  front  of  the  furnace.  On  each  side  of  the  bottom  plate  are 
placed  cast  iron  bearers,  similar  to  those  of  the  ore-hearth  already 
described  ;  and  on  these  is  supported  the  fore  hearth,  which  con- 
sists of  two  stout  plates  of  cast  iron,  of  about  twelve  inches  in 
lM«idth  and  twenly-six  in  length.  A  space  of  about  five  inches 
18  thus  left  between  these  front  stones  and  the  bottom  of  the 
furnace,  and  an  additional  height  of  two  and  a  half  inches  is 
gained  by  placing  between  them  a  row  of  fire-bricks  laid  on  their 

The  slags  which  escape  from  this  furnace  through  the  opening 
at  the  breast  pass  over  the  surface  of  a  pot  of  peculiar  construction, 
and  then  flow  into  a  large  iron  cistern  sunk  into  the  earth,  and 
through  which  a  current  of  cold  water  is  constantly  made  to  flow. 
This  causes  the  Hquid  slags  to  fly  in  pieces,  and  thus  adapts  them 
for  the  operation  of  washing,  to  which  they  are  subsequently 
subjected. 

Before  working  a  furnace  of  this  description,  its  bottom  is  filled, 
to  the  height  of  about  fifteen  inches,  with  small  spongy  cinders 
pretty  closely  beaten  together,  and  which  reach  to  withm  four  or 
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five  inches  of  the  orifice  of  the  tajere.  The  pot  for  the  reception 
of  the  lead  is  likewise  filled  with  these  Gindars,  which  are  in  both 
cases  intended  to  act  the  part  of  a  filter  in  the  separation  of  tiie 
metallic  lead  from  the  less  fusible  contents  of  the  hearth.  On  tiie 
filter  of  cinders  thus  prepared  are  piled  masses  of  peat,  similar  to 
those  used  in  the  Scotch  fumace :  one  of  these  is  ignited  and 
thrown  before  the  tuyere,  and  the  blast  inmiediately  turned  on. 

When  the  peat  has  beoome  fairij  ignited,  some  good  hard 
coke  is  thrown  in,  and,  as  soon  as  it  appears  properly  inflamed,  a 
stratum  of  grey  slag,  or  any  other  product  to  be  treated,  x% 
introduced.  The  hearth  is  firom  this  time  supptied  with  altmate 
strata  of  fuel  and  slag,  as  explained  under  the  article  Iron,  when 
describing  the  reduction  of  iron  ores.  In  this  process  metallic 
lead  and  a  perfectly  fluid  slag  are  obtained ;  but  the  fonner  is 
entirely  separated  firom  the  latter  by  percolating  through  the  ashy 
filter,  whilst  the  slag,  from  its  viscidity,  can  only  flow  over  its  sur- 
face. When  the  slag  has  become  sufficiently  melted,  which  ha^ 
pens  shortly  after  the  furnace  has  been  first  set  in  action,  the 
workman  with  a  bent  iron  bar  makes  a  hole  of  about  an  inch  in 
diameter  directly  through  the  layer  of  cinder:  this  causes  the 
Uquid  silicates  to  flow  out  of  the  fumace  in  a  red  hot  stream, 
which,  after  passing  over  the  surface  of  the  pot  for  the  reception 
of  the  lead,  &lls  into  the  huge  cistern  of  wator.  The  lead  obfained 
from  the  slag  hearth  is,  firom  the  high  temperature  at  which  it  is 
reduced,  always  inferior  in  quality  to  that  procured  directly  from 
the  ore,  and  this  process,  therefore,  is  never  appHed  to  the  treat- 
ment of  products  which  admit  of  being  economically  worked  by 
either  of  the  furnaces  before  described. 

In  addition  to  being  employed  for  the  reduction  of  sli^  and 
other  lead  products  affording  but  a  small  per-centage  of  that  metal, 
this  apparatus  is  sometimes  applied  to  the  smelting  of  some  of  the 
foreign  carbonates  of  lead,  in  the  elaboration  of  which  the  object 
sought  is  rather  the  extraction  of  the  silver  which  they  contain 
than  the  reduction  of  the  largest  possible  amount  of  lead. 

From  the  &cility  with  which  lead  becomes  sublimed  at  high 
temperatures,  large  quantities  are  in  all  smelting  establishments 
annually  carried  off  in  the  form  of  fume. 

This  not  only  causes  considerable  loss  to  the  smelter,  but  is  like- 
wise extremely  prejudicial  to  the  vegetation  and  cattle  in  the 
neighbourhood  of  the  works,  and  for  this  reason  every  precaution 
is  taken  to  prevent  its  dispersion  in  the  atmosphere.  With  this 
view  the  flues  connected  with  the  various  furnaces  are  commonly 
made  to  communicate  with  large  chambers,  in  which  the  sublimed 
lead  is  condensed  by  a  shower  of  cold  water  fiilling  from  the  roof. 
With  the  same  view,  the  whole  of  the  gases  passing  through  the 
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flues  have  been  sometimes  drawn  through  a  stratum  of  oold  water; 
but  all  these  contrivances,  from  the  amount  of  mechanical  power 
required  to  work  them,  are  costly  in  their  operation,  and  for  this 
reason,  long  flues,  in  connection  with  properly-constructed  con- 
densing chambers  and  a  high  chimney,  are  more  generally  pre- 
ferred. The  condensed  fumes  obtained  from  the  flues  are  best 
treated  by  being  first  roasted  with  a  mixture  of  raw  ore,  and 
afterwards  smelted  in  the  Scotch  frimaoe. 

CmadSUmm  Wmrmmte, — Within  the  last  few  years  a  small  blast 
furnace  has  been  introduced  into  the  lead  works  of  this  country 
which  will,  in  all  probability,  not  only  entirely  supersede  the  sh^ 
hearth,  but  be  also  extensively  applied  to  the  frision  of  the  more 
refractory  varieties  of  lead  and  silver  ores.  This  fru*nace  is  cir- 
cular, usually  about  three  feet  in  diameter,  and  is  constructed  of 
the  best  flre-brick,  so  moulded  as  to  fit  together,  and  allow  all 
the  various  joints  to  follow  the  radii  of  the  circle  described  by  the 
brick-work.  Its  usual  height  is  about  8  feet  6  inches,  and  the 
thickness  of  the  masonry  is  invariably  9  inches.  In  this  arrange- 
ment the  breast  is  formed  by  a  semicircular  iron  pan,  furnished 
with  a  lip  for  runniog  off  the  slag,  and  a  longitudinal  sMt  for  the 
convenience  of  tapping.  On  the  top  of  this  cylinder  of  brick- 
work a  box-shaped  covering  of  masonry  is  supported  by  a  cast- 
iron  framing  resting  on  four  pillars,  and  in  this  is  placed  the  door 
for  the  purpose  of  feeding,  and  the  outlet  by  which  the  various 
products  of  combustion  escape  into  the  flues.  The  lower  part  of 
this  hood  is  fitted  closely  to  the  body  of  the  frimace,  whilst  its 
top  is  closed  by  an  arch  of  4^  inch  brick-work  laid  in  fire-clay. 
The  bottom  consists  of  a  mixture  of  fire-clay  and  coke-dust  slightiy 
moistened  and  well  beaten  in  to  the  height  of  the  top  of  the 
breast-pan,  which  may  be  nearly  three  feet  above  the  level  of  the 
floor.  Above  the  breast-pan  an  arch  is  so  turned  that,  when  the 
breast  has  been  built  up,  it  may  form  a  sort  of  niche  18  inches  in 
width,  and  rather  more  than  two  feet  in  height.  When  the 
bottom  has  been  properly  beaten  in,  up  to  the  required  height,  it 
is  hollofwed  out  so  as  to  form  an  internal  cavity  communicating 
fiieely  with  that  of  the  breast-pan,  which  is  likewise  filled  with 
brasque,  and  subsequently  hollowed  out  to  the  depth  of  the  in- 
ternal basin  of  the  furnace.  The  blast  is  applied  to  this  arrange^ 
ment  by  means  of  three  water  tuyeres,  throe  inches  in  diameter 
at  the  smaller  end,  and  five  and  a  half  inches  at  the  other  ex- 
tremity, into  which  the  nozzle  is  introduced.  The  air  is  generally 
obtained  by  means  of  a  ventilator,  and  is  conveyed  to  the  tuyeres 
through  brick  channels  formed  beneath  the  floor  of  the  establish- 
ment in  which  the  furnace  is  situated. 

The  ores  or  other  plumbiferous  matters  treated  in  this  appa* 
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ratuB  ought  neyer  to  contain  above  30  per  cent,  of  lead,  and  if 
richer,  should  be  reduced  to  this  tenure  by  the  addition  of  a  proper 
amount  of  poor  slags.  In  charging  this  furnace  it  is  of  the  greatest 
importance  that  the  coke  shovdd  be  thrown  in  the  middle,  whilst 
the  matters  to  be  treated  are  spread  around  next  the  brick-woik ; 
by  this  means  the  furnace  is  prevented  from  becoming  too*  hot, 
and  the  bricks  consequently  preserve  for  a  much  longer  period. 

For  the  purpose  of  allowing  the  slags  which  are  produced  to 
escape  into  the  breast-pan,  a  brick  is  left  out  of  the  front  of  the 
furnace  at  the  height  of  the  fire-hearth,  which,  for  the  purpose  of 
preventing  the  cooling  of  the  scorias,  is  condantly  kept  covered 
by  a  layer  of  coke-dujst  or  cinders.  From  the  breast-pan  the 
siagB  flow  constantly  out  through  a  spout  made  for  that  purpose 
into  cast  iron  waggons,  where  they  consolidate  into  masses,  having 
the  form  of  truncated  pyramids,  of  which  the  larger  base  is  about 
two  feet  square.  When  a  sufficient  amount  of  1^  has  accumu- 
lated in  the  bottom  of  the  furnace,  it  is  let  off  into  a  latoul  lead- 
pot  by  removing  a  plug  of  clay  from  the  top  hole  situated  in  one 
of  the  slits  of  the  breast-plate,  and  after  bemg  properly  skimmed 
is  laded  into  moulds. 

The  waggons  into  which  the  liquid  slag  is  run  off  traverse  over 
a  small  railroad  provided  with  turn-tables,  and  other  appliances 
by  which  when  one  mass  has  been  removed,  its  place  may  be 
readily  supplied  by  another.  When  cold,  the  casings  of  the  wag- 
gons are  turned  over,  and  the  blocks  of  slag  readily  removed. 
One  of  the  great  advantages  obtained  by  this  method  of  mani- 
pulation arises  from  the  circumstance  that,  should  the  fiimace  at . 
any  time  run  lead  or  matt  without  its  being  observed  by  the 
smelter,  the  whole  of  it  will  collect  at  the  bottom  of  the  waggon, 
where  the  block  obtained  is  considerably  contracted,  and  from 
which  any  metallic  substances  are  removed  when  the  mass  has 
become  sufficiently  cool. 

These  frmoaces  are  foimd  to  smelt  rich  slags  and  other  plumbi- 
ferous  matters,  with  an  expenditure  of  about  10  per  cent,  of  coke, 
whilst  the  scorisB  obtained  from  them  ought,  in  no  instance,  to 
ooptain  above  1  per  cent,  of  lead. 

In  working  tms  arrangement,  care  should  be  taken  to  prevent 
top  much  flame  from  appearing  at  the  tunnel  head,  since,  provided 
tifts  fllaffs  are  liquid  and  flow  readily  off,  the  cooler  the  fumaoe 
caa  be  Kept  the  less  wiU  be  the  loss  of  lead  through  volatilisation. 
In  addition  to  the  greatest  attention  being  paid  to  the  working 
of  the  fumaoe,  it  is  also  necessary,  in  order  to  obtain  the  best 
results,  that  every  establishment  in  which  this  apparatus  is  em- 
ployed should  be  provided  with  capacious  and  extensive  flues,  in 
which  the  condensation  of  the  fume  takes  place  before  anivingat 
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the  stack  through  which  the  more  volatile  matters  make  their 
esci^.  As  an  instance  of  the  perfection  to  which  smelting  with 
these  furnaces  has  heen  hrought,  it  may  be  stated,  that  slags 
giving  by  assay  8  per  cent,  of  lead,  and  traces  of  silver  of  no 
commercial  value,  are  now  treated  with  very  great  advantage. 
In  Derbyshire,  where  large  heaps  of  slag  of  the  above  per-centc^ 
have  recently  been  treated  by  the  Gastillian  furnace,  3^  per  cent, 
only  was  directly  obtained  fix>m  the  furnace  in  the  metallic  form, 
whilst  above  4  per  cent  of  lead  was  obtained  from  the  flues  in 
the  state  of  fume,  and  subsequently  reduced  in  a  reverberatory 
furnace,  so  that  the  results  yielded  in  practice  are  just  equal  to 
those  indicated  by  assay. 

GSEMAN  HETHOD  01*  LEAD-SMSLTING. 

In  some  parts  of  Europe,  and  particularly  where  the  ores  have 
a  low  produce  in  lead,  and  are  at  the  same  time  associated  with  a 
siliceous  gangue,  the  metal  is  reduced  by  the  action  of  metallic 
iron  in  the  way  described  when  treating  of  lead  assaying. 

If  minerals  of  this  class  were  subjected  to  similar  processes  to 
those  employed  in  this  country  for  moderately  rich  galenas,  a 
large  quantity  of  lead  would  be  lost  in  the  form  of  oxide,  which, 
instead  of  reacting  on  the  undecomposed  sulphide,  would  combine 
with  the  silica  present  to  form  a  vitreous  slag  extremely  difficult 
of  reduction.  The  method  of  reducing  the  sulphide  of  lead  by 
means  of  metallic  iron  is  extensively  practised  in  many  parts  of 
•the  Hartz,  particularly  at  Clausthal. 

The  ore  treated  consists  of  a  mixture  of  crushed  galena  and 
scbHch,  to  which  are  added  various  secondary  products  obtained 
at  different  stages  of  the  process. 

The  mixture  treated  in  the  furnaces  of  Clausthal  consists  of  84 
quintals  (ewts.)  of  ground  ore  and  schlich,  equivalent  to  24  quin- 
tals of  pure  galena. 

4  to  5  quintals  of  ciq)el  bottoms  strongly  impregnated  with 
Htharge. 

1  quintal  of  abstrich  or  first  oxide  formed  on  the  sur&ce  of  the 
capel. 

89  quintals  of  slags,  derived  either  from  the  first  fusion  of  the 
mineral  treated,  or  from  the  remelting  of  the  matts.  These  slags 
are  added  for  the  purpose  of  effecting  the  fusion  of  the  gangue. 

4jt  quintals  of  granulated  cast  iron.^ 

Tdb  fusion  of  this  mixture  is  conducted  in  a  small  blast  furnace 
of  from  twenty  to  twenty-five  feet  in  height,  and  about  three  feet 
in  diameter  in  the  widest  part.  The  crucible  placed  at  the  bottom 
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of  the  hearth  is  so  arranged  aa  to  extend  beyond  the  breaat  of  the 
furnace  into  a  small  raised  platform  situated  immediately  before 
it.  The  lining  of  the  heartn  consists  of  a  kind  of  refractory  fire- 
stone,  and  the  bottom,  which  is  slightly  hollowed,  is  covened  for 
a  considerable  thickness  with  a  mixture  of  powdered  charcoal  and 
refractory  clay,  in  such  a  way  as  to  afford  a  gentle  slope  from  the 
side  of  the  tuyere  to  beyond  the  fh)nt  wall  of  the  furnace.  A 
tapping-hole  enters  at  the  lowest  part  of  this  basin,  and  affords  a 
means  of  drawing  off  its  contents  when  accumulated  in  sufficient 
quantity. 

This  receiving  basin,  a,  fig.  201,  is  placed  on  a  level  with  the 
Hoor  and  at  some  distance  from  the  breast  of  the  furnace,  which 
is  suppUed  with  a  current  of  air  forced  through  two  tuyeres  situ- 
ated at  ty  fig.  202,  in  the  opposite  face  of  its  refractory  lining, 
lu  charp-iiiM  ^^®  mineral,  care  is  taken  to  direct  it  towards  the 


202. 


side  of  the  tuyere,  whilst  the  combustible  is  chiefly  thrown  towards 
the  breast.  The  cold  air  constantly  entering  these  tuyeres  rapidly 
cools  the  slag  produced  in  tlieir  immediate  vicinity,  and  forms 
around  the  nozzles  circular  channels  of  six  or  seven  inches  in 
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length,  on  the  proper  management  of  which  in  a  great  measure 
depends  the  success  of  the  operation.  One  of  the  principal  effects 
produced  by  these  channels  is  to  prevent  the  oxidation  of  the  ore, 
as  the  blast  is  by  this  means  brought  into  immediate  contact  with 
the  foel  without  having  to  pass  through  the  mineral  chained  at 
the  back  of  the  furnace,  and  cannot  therefore,  so  readily  give  rise 
to  the  formation  of  litharge  and  the  consequent  loss  in  the  form 
of  Visible  silicates  of  lead. 

With  this  view  the  smelter  bestows  the  greatest  attention  to 
the  proper  r^ulation  of  the  length  of  the  slag  nozzles,  as  by  it 
the  economical  working  of  the  furnace  is  most  materially  affected. 
It  is  also  foimd  necessary,  by  a  proper  regulation  of  the  supply  of 
air  and  fuel,  to  so  arrange  the  temperature  that  the  upper  ex- 
tremity of  the  shaft  may  not  become  too  strongly  heated,  as  in 
this  case  large  quantities  of  galena  are  driven  off  before  arriving 
in  that  part  of  the  Au-nace  in  which  their  decomposition  is  effected. 
With  dl  these  precautions,  there  is,  however,  a  constant  loss  from 
sublimation,  and  therefore  the  whole  of  the  gases  passing  from  the 
tunnel-hole,  t,  are  made  to  pass  through  a  series  of  chambers,  c  c, 
before  escaping  into  the  atmosphere  by  the  chimney,  d. 

In  these  chambers  large  quantities  of  fame  gradually  accumu- 
late ;  this  is  occasionally  removed  through  the  doors,  d,  for  the 
purpose  of  being  mixed  with  other  lead  products,  and  again  treated 
in  the  furnace. 

During  the  whole  time  this  arrangement  is  in  action  the  scoriae 
flow  continuously  into  the  fore-hearth,  where,  being  solidified, 
they  are  seized  by  a  labourer  with  a  stout  iron  hook,  and  dragged 
down  the  inclined  plane,  p,  to  the  foundry  floor.  When  the  in- 
terior basin,  6,  has  become  filled  with  metallic  products,  the  plug 
is  removed  from  the  tapping-hole  communicating  with  the  reser- 
voir, a,  into  which  the  fused  metal  is  rapidly  drawn  off. 

The  products  thus  run  off  into  the  outer  basin  readily  divide 
into  two  parts;  the  lower  portion  is  metallic  lead,  wlulst  the 
higher  consists  of  sulphide  of  lead  more  or  less  mixed  with  the 
sulphide  of  the  other  metals  originally  present  in  the  ore,  and 
pai^cularly  with  sulphide  of  iron  resulting  from  the  decomposition 
of  galena  by  that  metal.  This  substance,  which  readily  solidifies, 
is  called  the  first  lead  mait,  and  is  removed  firom  the  surface  of  the 
bath  by  an  iron  hook,  and  stowed  in  a  proper  situation  for  subse- 
quent treatment.  The  lead  is  afterwards  laded  into  moulds,  where 
it  assumes  the  form  of  massive  lenticular  ingots.  The  poorer 
slags  are  now  removed  and  thrown  away,  whilst  those  which  have 
be^  withdrawn  from  the  surface  of  the  external  basin,  and  contain 
nmnerous  granules  of  metallic  lead,  are  added  as  a  flux  in  a  future 
operation.     When  a  sufficient  quantity  of  rich  slag  is  not  to  be 
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piocared,  »ome  of  the  poorer  80ori»  aie  likewise  11^ 
poBe;  but  this  never  takes  pli«»,exc5ept  when  a  propCT  supply  ot 
STricher  variety  is  not  to  be  procured.  The  products  obtan^ 
fiom  a  mixture  having  the  weight  and  composition  brfore  wen, 
consist  of  nineteen  quintals  of  metaffic  lead  and  eight  qumtaJs  or 
first  matt,  containing  from  30  to  36  per  cent,  of  lead. 

When  a  suflBcient  quantity  of  these  first  matfcs  have  aceumulatect 
in  the  establishment,  they  are  roasted  in  heaps,  laid  on  ^«*™^ 
of  fuel,  and  by  this  means  large  quantities  of  sulphur  and  suipnu- 
rous  acid  are  disengaged.  .  ^^ 

This  first  roasting  occupies  from  three  to  four  weeks,  9^  tne 
eipmition  of  which  time  the  hei^  is  carefully  picked  ovct  Mid  the 
products  divided  into  two  classes;  those  portioM  which  have 
been  sufficiently  roasted  are  again  taken  to  the  ^^^^^^.^^ff" 
treated,  whilst  those  fragments  which  still  retain  a  considOTble 
amount  of  sulphur  are  subjected  to  a  second  process  of  roastang. 
In  this  way  four  succesave  roastings  are  necessary  before 
the  whole  of  the  matt  is  obtained  in  a  fit  state  for  metallurgic 
treatment.  ti  vi  J. 

When  sufficiently  roasted,  the  matts  are  fused  in  a  maU  blast 
furnace,  after  bdng  mixed  in  the  following  proportions  with  vanoos 
other  bodies : — 

32  quintals  of  roasted  matt. 

30      „         of  rich  slags  obtained  firom  the  direct  treatment 
of  the  ore. 
4  to  5       „         of  cupel  bottoms. 

2       „         of  abstrich  or  first  oxides  obtained  fi»m  the  cupel. 

2       „         of  slags  from  the  reducing  furnace. 
1       „         of  granulated  cast  iron. 

The  furnace  in  which  this  mixture  is  now  introduced  is  about 
five  feet  in  height  and  considerably  contracted  in  the  vicinity  of 
the  crucible,  which,  as  in  the  case  of  the  larger  apparatus,  is  pro- 
vided with  a  sloping  fore-hearfch  and  a  distinct  1»pping-basin  for 
the  reception  of  the  metallic  matters  produced. 

The  combustible  employed  is  coke,  and  the  blast,  which  is  sup- 
plied by  a  single  tuyere,  is  conducted  into  the  furnace  through  a 
slag  nozzle  of  about  three  inches  in  length.  During  the  process 
of  roasting,  the  larger  proportion  of  the  sulphide  of  iron  passes  to 
the  state  of  oxide,  and  during  the  subsequent  fosion,  tins  oxide, 
which  is  partially  reduced  by  the  carbon  of  the  fuel,  becomes 
protoxide,  and  unites  with  the  siliceous  matters  present  to  form 
a  vitreous  and  extremely  fiisible  slag,  which  flows  through  the 
*P?^®  o*"  the  fore-hearth,  and  is  continually  removed.  The  sul- 
phide of  lead  is  at  the  same  time  reduced  through  the  agency  of 
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the  metallic  iron,  and  a  new  matt,  analogous  in  its  composition  to 
the  first,  is  obtained. 

These  matts,  when  suflBciently  soKdified  by  cooling,  are  removed 
in  the  way  already  described,  after  which  the  lead  is  taken  out  in 
large  iron  ladles  and  cast  into  circular  pigs. 

The  treatment  of  thirty-two  quintals  of  roasted  matt,  with  its 
associated  fluxes  and  other  products,  affords  twelve  quintals  of 
metallic  lead  and  eight  quintals  of  second  matt. 

The  second  matts  are  subjected  to  a  similar  treatment  to  that 
employed  for  the  reduction  of  those  obtained  by  the  direct  treat- 
ment of  the  ores.  They  are  first  made  to  undergo  three  or  four 
successive  roastings,  and  subsequently  treated  in  the  same  furnace 
and  with  the  same  additions  as  are  employed  in  the  case  of  the 
first  matts.  In  this  way  a  further  amount  of  metallic  lead  and  a 
third  matt  is  obtained ;  this  is  again  roasted,  fused  with  a  proper 
addition  of  fluxes  and  other  matters,  and  metallic  lead  and  &  fourth 
matt  is  the  result.  The  copper,  of  which  a  small  quantity  only  is 
contained  in  the  original  ore,  having  a  greater  aflfinity  for  sulphur 
than  is  possessed  by  lead,  continually  accumulates  in  the  matts, 
which,  after  the  fourth  roasting  and  fusion,  become  extremely  rich 
in  that  metal.  The  sulphide  last  obtained  is  known  byH;he  name 
of  copper  matt,  and  is  subsequently  treated  for  that  metal. 
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The  lead  obtained  by  these  different  processes  often  contains  a 
sufficient  amount  of  silver  to  render  its  extraction  a  matter  of  con- 
siderable commercial  importance,  and  it  is  then  subjected  to  direct 
cupellation  in  a  furnace,  of  which  fig.  203  represents  a  back  view. 


204. 

and  fig.  204  a  horizontal  section.  This  apparatus  consists  of  a 
kind  of  reverberatory  oven,  having  a  circular  hearth,  a,  and  a  lateral 
fire-place,  b.  The  sole,  which  is  regularly  hollowed  from  the  sides 
towards  the  middle,  is  composed  of  fire-bricks  closely  set  on  edge 
upon  a  solid  stratum  of  firmly  compressed  scoriae,  and  again  covered 
with  a  thick  coating  of  marl  carefully  beaten  down  by  iron  ram- 
mers ;  this  is  always  relaid  previous  to  the  commencement  of  a 
fresh  operation.  This  layer  of  marl  corresponds  to  the  test  em- 
ployed by  English  refiners,  and  is  covered  by  a  dome  of  brick- 
work bound  with  iron,  and  capable  of  being  either  removed  or 
lifted  into  its  place  by  means  of  a  number  of  chains  attached  to  a 
lever  supported  by  the  moveable  crane,  o.  In  the  sides  of  this 
furnace  are  five  openings ;  by  the  largest  of  these,  (i,  the  flame 
passes  from  the  fire-place  into  the  interior  of  the  hearth ;  the  two 
oj)enings,  1 1\  serve  for  the  introduction  of  the  tuyeres,  by  which 
a  current  of  air  is  thrown  on  the  fused  metal,  both  for  the  pur- 
pose of  assisting  in  its  oxidation,  and  forcing,  at  the  same  time, 
the  litharge  formed  on  its  surface  towards  the  aperture,  s,  from 
which  it  escapes  in  the  fused  state ;  finally,  the  opening  f,  through 
which  is  inserted  the  lead  to  be  operated  on  in  the  form  of  circa- 
lar  discs.     At  the  commencement  of  the  operation,  the  opening, 
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X,  is  entirely  closed  by  the  marl  of  the  cupel ;  but  in  proportion 
as  the  operation  advances,  the  gateway  is  successively  cut  down 
by  a  pointed  iron  bar  to  the  lev^  of  the  litharge  contained  in  the 
furnace.  The  litharge  which  escapes  &om  this  opening  flows 
down  to  the  floor  of  the  building,  where  it  is  allowed  to  accu- 
mulate. 

Before  commencing  a  cupellation  it  is  necessary  to  arrange  the 
cupel,  and  for  this  purpose,  after  having  removed  the  dome,  the 
old  cupel  bottom,  strongly  impregnated  with  litharge,  is  broken 
up  and  carried  away  to  be  treated  for  the  lead  it  is  capable  of 
affording.  The  brick  bottom  is  now  moistened  with  water,  and 
covered  by  a  thick  layer  of  marl,  well  consolidated  by  the  use  of 
a  heavy  iron  ranmier ;  the  covering  is  afterwards  replaced,  and 
firmly  luted  in  all  its  joints  with  a  little  stiff  fire-clay.  When 
this  has  been  done,  the  furnace  is  charged  with  160  quintals  of 
lead,  and  the  fire  immediately  lighted.  The  lead  soon  begins  to 
melt,  and  immediately  that  the  whole  of  it  has  become  foaed  the 
bellows  are  set  slowly  in  action,  and  rapid  oxidation  begins  to  take 
place.  The  metallic  bath  at  first  becomes  covered  by  a  blackish 
pulverulent  substance  consisting  of  a  mixture  of  oxide  of  lead  and 
the  various  foreign  bodies  present.  These  matters,  from  the  low 
temperature  at  which  the  operation  is  conducted,  do  not  become 
fused,  and  the  workman,  after  throwing  on  the  surface  of  the  bath 
a  few  shovelfuls  of  charcoal  dust,  proceeds  to  the  removal  of  the 
ababnchy  by  means  of  a  block  of  wood  placed  transversely  at  the 
extremity  of  a  long  iron  rod,  and  by  which  he  gently  draws  it 
through  the  Htharge-hole  and  out  of  the  furnace.  At  the  expira- 
tion of  a  short  period  a  fusible  litharge  begins  to  make  its  appear- 
ance ;  but  that  at  first  produced  is  exiremely  impure,  and  therefore 
not  mixed  with  that  obtained  at  a  later  period  of  the  operation. 
At  length  a  purer  oxide,  commercial  litharge,  begins  to  be  formed, 
and  the  blast  is  at  this  point  progressively  increased  for  the  pur- 
pose of  augmenting  the  rapidity  of  oxidation.  The  nozzles  of  the 
tuyeres  supplying  air  to  the  cupel  are  frequently  covered  by  small 
valves,  called  buSerJUea,  which,  from  their  weight,  serve  to  spread 
the  blast  over  the  whole  surface  of  the  metallic  bath.  The  opera- 
tion is  thus  continued  until  the  whole  of  the  lead  has  been 
removed  in  the  form  of  lithar^  ,  and  a  plate  of  nearly  puiae  silver 
remains  at  the  bottom  of  the  cupel. 

Immediately  after  the  brightening  has  taken  place,  the  work- 
man throws  water  over  the  surface  of  the  metidlic  residue ;  for 
this  purpose  hot  water  is  at  first  employed,  but  when  the  plate  of 
silver  begins  to  be  solidified,  cold  water  is  used.  The  residual 
metal,  which  is  not  yet  absolutely  pure,  but  contains  about  l-16th 
of  lead,  is  now  removed  from  the  fomace,  for  the  purpose  of 
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being  refined  by  a  prooesB  which  win  be  deicribed  when  treatmg 
of  silyer. 

The  time  necesaaiy  to  make  a  cupellation  of  the  amoimt  of 
lead  above  stated,  including  the  preparation  of  the  fbel,  is  generallj 
about  30  hours.  Wood  is  tiie  combustible  employed  for  heating 
this  furnace. 

At  Olausthal,  the  cupellation  of  160  quintals  of  lead,  obtained 
from  the  first  flision  of  the  ore,  usually  yields  56  marks  of  silver, 
and  that  obtained  firom  the  roasted  matts,  which  is  somewhat 
richer,  affords  on  an  average  62  marks  of  that  metal.^  The  last 
portions  of  litharge  which  are  obtained,  contain  a  notable  amount 
of  silver,  and  for  this  reason  are  not  mixed  with  that  produced 
during  the  former  stages  of  the  operation.  The  lith^ge  pro- 
duced, with  the  exception  of  small  quantities,  which  are  sometimes 
sold  for  various  purposes,  is  again  reduced  to  the  metallic  state. 
This  reduction  is  effected  in  a  small  blast  furnace,  with  an  exterior 
basin  into  which  the  metallic  lead  is  tapped,  and  the  slags  pro- 
duced during  the  operation  are  added  to  raw  lead  ores,  with  which 
they  are  afterwards  treated.  The  metallic  lead  obtained  is  sub- 
sequently cast  into  rectangular  ingots,  in  which  form  it  becomes 
an  article  of  commerce. 

Hcdi^di  mi  PMrtfikMiA — The  treatment  of  lead  ores  formerly 
employed  at  Pontgibaud,  in  the  vicinity  of  Clermont  (Jhxj  de 
DAme),  was  peculiar  to  this  establishment,  and  had  been  adopted 
in  consequence  of  the  exceptional  composition  of  the  ores  operated 
on,  and  the  high  price  of  fuel  in  the  district.  The  mineral,  when 
brought  to  the  surface,  is  generally  poor  for  lead,  but  con- 
tains a  considerable  amoimt  of  silver,  and  is  consequently  sub- 
jected to  a  careful  mechanical  preparation.  This  conoenteation 
of  the  ore  cannot,  it  is  stated,  be  carried  beyond  a  certain  limit, 
as  the  lighter  substances  thrown  away  as  sterile  are  found  to  con- 
tain a  considerable  quantity  of  silver,  and  the  washing  is  there- 
fore only  carried  so  far  as  to  allow  of  the  ores  being  successfully 
subjected  to  metallurgic  treatment. 

The  largest  proportion  of  the  ore  reaches  the  foundry  in  the 
form  of  finelyndivided  sand  or  schlich,  which,  from  itke  laige 
amount  of  siliceous  matters  which  it  contains,  does  not  admit  of 
being  smelted  in  the  ordinary  reverberatory  furnace,  and  which 
on  the  other  hand,  is,  from  its  fine  state  of  division,  rmfit  for  im- 
mediate treatment  in  the  low  blast  furnace  of  the  Hartz. 

Before  being  treated  for  metallic  lead,  these  ores  were  roasted 
in  a  reverberatory  fiimaoe,  having  an  extremely  long  hearth,  and 
of  which  two  were  arranged  one  above  the  other.    On  the  first  of 

1  lUik  =  7  on.  2  dwii.  4  gn.  tioj. 
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these  the  mineral  was  roasted,  whilst  on  that  placed  nearest  the 
fire-hridge  thej  were  agglomerated  into  masses,  suitable  for  sub- 
sequent treatment  in  the  ordinary  low  continental  furnace.  This 
second  fusion  for  metaUic  lead  was  conducted  as  in  the  Hajrtz, 
with  the  addition  of  metallic  iron,  and  various  other  fluxes.  The 
following  mixture  is  that  with  which  the  furnace  was  ordinarily 
cbaiged: — 

Boasted  ore,        1,000  kils.* 

Fluoride  of  calcium, 100  „ 

Carbonate  of  lime, 240  „ 

Old  iron  (in  small  fragments),    ....  100  „ 
Cupel  bottoms,  abstnch  sweepings  from 

furnaces,  &c,,       60  „ 

Rich  slags  from  furnace  operations, .    500  to  600  „ 

This  was  thrown  into  the  furnace  alternately  with  suitable 
quantities  of  hard  coke.  When  in  a  good  working  state,  each 
furnace  was  capable  of  running  down  three  times  the  above  amount 
in  the  course  of  24  hours,  and  when  the  preliminary  roasting  had 
been  carefully  performed,  no  matt  was  obtained,  but  merely 
metallic  lead,  together  with  a  fusible  and  liquid  slag.  The  cupel- 
lation  of  the  rich  lead  was  performed  in  the  ordinary  German 
refinery,  with  a  bottom  9  feet  in  diameter,  covered  by  a  floor 
composed  of  1,400  kils.  of  calcareous  marl,  280  kils.  of  slaked 
lime,  and  the  same  quantity  of  well-mixed  clay.  As  in  the  various 
Ckrman  establishments,  the  plate  of  silver  obtained  was  afterwards 
subjected  to  a  second  treatment,  by  which  the  last  traces  of  com- 
bined lead  were  removed. 

The  management  of  this  establishment  has,  however,  been 
recently  transferred  to  the  Messrs.  Taylor,  of  Queen-street 
Place,  London,  by  whom  all  the  more  modem  improvements 
employed  in  this  country  have  been  introduced  with  the  greatest 
success. 

LEAD  MAiaJPACTUBE. 

This  metal  is  chiefly  employed  in  the  arts,  either  in  the  form 
of  sheets  for  covering  houses,  making  gutters,  &c.,  or  for  the 
manufacture  of  pipes  for  the  conveyance  of  water  and  other 
liquids.  In  order  to  make  lead  into  sheets,  it  is  first  moulded  in 
a  cast  iron  frame  into  the  form  of  a  plate,  from  six  to  seven  feet 
square,  and  six  inches  in  thickness.  When  this  has  sufficiently 
cooled,  it  is  lifted  from  its  mould  by  a  powerful  crane,  and  placed 

1  Kilogramme  ==  2*205  Iba.  avoirdupois. 
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on  the  machine  by  which  it  is  to  be  rolled  out  into  sheets. 
This  consists  of  a  long  frame  or  bench,  fig.  205,  three  feet  in 
height,  eight  feet  in  width,  and  frt)m  seventy  to  eighty  feet  in 
length.    At  intervals  of  every  foot  are  placed  the  rollers,  a  a,  &c., 
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all  on  exactly  the  same  level,  and  so  arranged  that  a  heavy  body 
may  be  pushed  frx)m  one  end  of  the  frame  to  the  other  with  the 
greatest  fiehcihty.  In  the  centre  of  this  stage  is  the  rolling 
machine,  consisting  of  two  heavy  rollei-s,  of  which  only  the  upper 
one,  A,  is  seen  in  the  woodcut,  and  which,  by  powerful  machiner}% 
are  made  to  revolve  in  contrary  directions :  each  of  these  cylinders 
is  sixteen  inches  in  diameter,  and  is  turned  perfectly  smooth  and 
level  on  the  surface.  By  means  of  the  screws,  &,  and  the 
connected  pinion  wheels,  the  distance  between  these  may  be 
regulated  with  the  greatest  accuracy  on  turning  the  disc,  c, 
which  for  this  purpose  is  furnished  with  a  graduated  plate  and 
pointer. 

The  motion  of  the  rollers  also  admits  of  being  readily  reversed 
by  a  very  simple  mechanical  arrangement.  The  plate  of  lead 
thus  prepared  is  afterwards  brought  between  the  rollers,  by  which 
it  is  strongly  compressed,  and  gradually  drawn  through  to  the 
other  side,  when  the  distance  between  them  is  diminished,  and 
by  reversing  the  motion  of  the  mill,  the  sheet  is  aeain  drawn 
back  to  the  part  of  the  platform  on  which  the  original  plate  vras 
first  laid.     This  process  is  repeated  a  great  number  of  times,  the 
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plate,  B,  first  passmg  from  the  left  to  the  right,  aad  then  from 
right  to  left,  nntil  its  thickness  has  heen  yery  considerably 
reduced.  The  motion  of  the  leaden  plate  is  much  facilitated  by 
the  small  wooden  rollers,  a  a,  and  when  the  length  obtained  by 
the  reduction  of  its  thickness  becomes  inconveniently  great, 
it  is  divided  into  two  parts,  and  each  half  milled  in  a  similar 
manner. 

The  lead  is  in  this  way  sometimes  passed  between  the  rollers 
from  two  to  three  himdred  times ;  its  thickness  being  diminished, 
and  its  length  increased,  by  each  successive  operation.  The  ori- 
ginal plate  is  by  this  treatment  generally  extended  into  a  sheet, 
which,  when  intended  for  roofing  purposes,  is  about  400  feet  in 
length,  and  7  feet  in  breadth.  This  is  afterwards  out  up  into  con- 
venient lengths,  and  rolled  up  for  the  use  of  the  plumber,  whose 
business  it  is  to  adapt  it  to  the  various  purposes  to  which  sheet 
lead  is  applied. 

The  manufacture  of  lead  pipe  by  the  ordinary  method,  com- 
bines, like  that  of  sheet  lead,  the  double  process  of  casting  and 
elongation.  Whatever  may  be  the  dimensions  of  the  pipe  required, 
it  is  first  cast  in  the  form  of  a  short  and  extremely  thick  cylinder, 
which  is  afterwards  reduced  to  the  proper  size  by  being  forcibly 
drawn,  when  placed  in  a  mandril  of  the  exact  size  of  its  proposed 
internal  diameter,  through  a  succession  of  progressively  decreas*' 
ing  steel  dies.  By  this  process,  however,  although  affording  pipes 
of  good  quality  with  regard  to  soundness  and  finish,  lengths  of 
from  20  to  30  feet  only  can  be  obtained,  and,  consequently,  when 
very  long  pieces  without  a  joint  are  required,  recourse  must  be 
had  to  the  hydraulic  pipe-press,  fig.  206.  This  machine  consists 
of  a  common  hydraulic  press,  t,  connected  with  a  double  force 
pump.  A,  by  which  water  is  pumped  beneath  the  piston,  B,  through 
the  small  metallic  pipe,  p ;  above  the  top  of  the  press  and  on  a 
level  with  the  floor  of  the  workshop,  is  supported  by  the  stout 
iron  pillars,  p,  a  heavy  casting,  containing  the  cylindrical  reservoir, 
c,  for  the  reception  of  the  metallic  lead,  and  an  annular  fire-place, 
F,  charged  with  pit  coal,  and  communicating  with  a  chimney  for 
the  escape  of  the  smoke.  At  the  upper  extremity  of  the  cavity, 
c,  is  secured  a  steel  die,  of  the  diameter  of  the  outside  of  the 
pipe  to  be  made,  whilst  a  mandril,  m,  which  passes  directly 
through  its  centre  has  the  same  dimensions  as  the  inside  of  the 
pipe  which  is  to  be  produced. 

To  use  this  apparatus,  the  piston,  B,  is  brought  into  the  posi- 
tion shown  in  the  woodcut,  and  the  space,  o,  filled  with  molten 
lead,  through  the  spout,  s,  which  is  immediately  removed,  and 
the  aperture  firmly  stopped  by  a  stout  iron  plug,  kept  in  its  place 
by  a  strong  key.    The  pressure  is  now  established  by  admitting 
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the  water  through  the  valve,  v,  beneath  the  piston,  which 
the  other  extremity,  b', 
accurately  fitting'  the  cylin- 
driciil  cavity,  c,  gradually 
upwards,  and  caujues  the 
lead,  to  escape  in  the  form 
of  a  peife'tl}'  finished  tube 
through  tfif  annular  space 
existing  bt^tween  the  man* 
dril  and  tlie  fixed  collar. 
The  pij>e,  in  pro|>ortiGn 
it  escapes  from  the  press, 
is  coiled  around  the  drum, 
D,  from  which  it  in  after- 
wards removed^  and  cut 
into  convenient  lengths. 
The  pipe  made  by  this  ma- 
chintj  is  o  f  good  i]ua1  i  ty ,  and 
may  be  made  of  almost  any 
r^uired  length. 

On  atlmitting  the  pres- 
sure above  the  pUton  hy 
meaiiH  of  the  valve,  v*,  the 
plunger  again  descends  to 
the  bottom  of  the  cavity. 


forces 
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Several  aUojs  of  lead  with  other  metals  are  employed  in  the 
arts,  but  bj  far  the  most  important  of  these  are  type  metal,  and 
the  various  mixtures  of  lead  and  tin  known  by  the  name  of  solder. 
Plumber  solder  is  a  compound  of  two  parts  of  lead  and  one  of  tin ; 
the  solder  used  in  the  manufacture  of  articles  in  tin-plate  is  an 
alloy  of  these  metals  united  in  equal  proportions.  The  composition 
of  type  metal  has  h&eai  described  when  treating  of  antimony. 
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Equiv.  =  108.     Density  =  10-47. 

SiLVEB  is  the  whitest  of  all  the  metals,  and  is  capable  of  receiving 
a  lustre  inferior  only  to  that  of  polished  steel.  Its  malleabUity 
and  ductility  are,  next  to  gold,  greater  than  that  of  any  other  metal. 
When  pure,  it  is  so  soft  as  to  he  readily  cut  with  a  knife,  aud  in 
that  state  enters  mto  fusion  at  a  full  red  heat,  corresponding, 
according  to  Daniell,  to  1873^  of  Fahr.  scale.  When  fused  in 
open  vessels,  it  absorbs  oxygen  in  considerable  quantities,  some- 
times amounting  to  22  times  the  volume  of  the  metal  iteelf.  On 
becoming  soHd,  however,  the  whole  of  this  gas  is  again  expelled ; 
and,  to  this  circumstance  is  probably,  in  some  degree,  owing  the 
metjedhc  vegetation  which  takes  place  on  the  surface  of  silver 
buttons,  when  suddenly  cooled  on  the  cupel.  When  silver  is  heated 
to  redness  in  contact  with  porcelain  or  glass,  the  absorbed  oxygen 
combines  with  the  metal  to  form  an  oxide,  which,  uniting  with  the 
silicic  acid  of  the  substance  with  which  it  is  in  contact,  gives  rise 
to  the  formation  of  a  yellow  enamel.  When  heated  very  strongly 
in  a  blast  fiimace,  this  metal  gives  off  sensible  metallic  vapours, 
and  if  exposed  to  the  high  temperature  between  two  charcoal 
electrodes  in  connection  with  a  powerful  voltaic  battery,  is  readily 
volatilised.  By  ^sing  a  large  quantity  of  silver,  and  afterwards 
allowing  it  to  cool  very  gradually,  cubic  and  octahedral  crystals 
may,  on  piercing  the  solidified  crust  and  running  off  the  still  liquid 
metal,  be  obtained.  When  solutions  of  silver  are  decomposed  bj 
the  action  of  feeble  electric  currents,  the  precipitated  metal  is 
frequently  found  to  assume  a  crystalline  form.  This  metal  does 
not  absorb  oxygen  at  ordinary  temperatures,  but  speedily  becomes 
blackened  on  exposure  to  an  atmosphere  containing  the  most 
minute  traces  of  sulphuretted  hydrogen  gas,  which  is  decomposed 
by  it  with  the  greatest  facility. 

Heated  to  redness  in  contact  with  the  caustic  alkalies,  it  does 
not  become  in  the  least  affected,  and  is  for  this  reason  frequently 
employed  for  making  crucibles  to  be  used  when  attacking  various 
substemces  by  caustic  potash.  In  the  presence,  however,  of  fused 
alkaline  silicates,  silver  vessels  to  a  certain  extent  become  acted  on, 
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and  the  silicate  is  stained  of  a  yellow  colour.    Oxide  of  silver  is 
reduced  by  heat  alone,  and  a  globule  of  metal  is  thus  obtained. 

Unless  in  a  state  of  extreme  division,  silver  is  not  attacked  by 
hydrochloric  acid,  and  even  then  requires  to  be  heated  to  the 
t^perature  of  ebullition,  before  the  decomposition  of  the  acid  is 
effected.  By  dilute  sulphuric  acid  no  effect  is  produced,  but  when 
strong  sulphuric  acid  is  employed,  it  is,  when  aided  by  heat, 
readily  decomposed,  with  the  formation  of  sulphate  of  silver  and 
the  evolution  of  sulphurous  acid  gas.  Nitric  acid  readily  attacks 
silver  even  at  ordmary  temperatures;  binoxide  of  nib:(^;en  is 
evolved,  and  nitrate  of  silver,  lunar  caustic,  ia  produced.  By 
chlorine,  iodine,  and  bron^ine,  silver  is,  even  in  the  cold,  readUy 
attacked. 

OB£S  OF  SILVXfi. 

Silver  occurs,  in  the  native  state,  alloyed  with  various  other 
metals,  also  mineralised  by  the  non-metallic  elements ;  such  as, 
sulphur,  selenium,  arsenic,  chlorine,  bromine,  iodine,  and  lastly,  in 
combination  with  certain  acids. 

Besides  being  obtained  in  large  quantities  from  lead  ores,  the 
silver  of  commerce  is  chiefly  derived  from  Vitreaua  silver,  BrUtle 
or  Black  silver  ore,  Red  silver,  Horn  silver,  MaUeable  silver,  and 
a  natural  amalgam  of  Silver  and  Mercury  found  extensively  in 
some  silver  mines. 

ivattre  mkreae^  Argent  notif;  Gediegen  Silber,  is  found  accom- 
panying the  other  ores  of  this  metal,  and  more  particularly  the 
sulphide  and  chloride,  and  is  frequently  associated  with  red  silver 
ores.  It  occurs  either  in  a  ciystalline  form,  or  in  the  state  of 
divergent  branches,  of  which  the  extreniities  are  composed  of 
numerous  minute  crystals,  similar  to  those  observed  in  specimens 
of  native  copper. 

This  metal  likewise  occurs  in  amorphous  masses  in  long  fila- 
mentary strings,  and  in  the  shape  of  compressed  plates  of  greater 
or  less  extent.  One  of  the  largest  masses  of  metallic  silver  ever 
obtained  in  Europe,  was  procured  from  the  mines  of  Konigsberg, 
in  Norway :  this  specimen,  which  is  preserved  at  the  museum  of 
Copenhagen,  weighs  about  five  hun^d  pounds ;  others  of  still 
laiger  size  have  been  cited  as  coming  from  the  same  locality. 
The  crystals  of  native  silver  are  seldom  very  perfectly  defined,  as 
they  never  occur  in  an  isolated  state,  but  in  most  instances 
impenetrate  each  other.  The  cube,  the  octahedron,  and  cubo- 
dodecahedron,  are  among  the  forms  which  it  most  frequently 
assumes.  Native  silver  is  usually  found  disseminated  in  ferru- 
ginous rocks,  as  at  Huelgoat  in  Brittany,  and  in  the  mines  of 
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Chili  and  Mexico,  where  these  argentiferous  iron  ores  reoeiye  the 
names  of  paeos  and  oolorados.  Native  silver  is  also  found  in  the 
Hartz,  Saxony,  Hungary  and  Dauphiny:  large  quantities  are 
likewise  afforded  hy  the  mines  of  Peru  and  Mexico,  and  in  the 
United  States  of  America  some  beautiful  specimens  of  native  silver 
have  been  found  associated  with  the  malleable  copper,  pxocuied 
from  the  district  about  Lake  Superior. 

iftiTg  aMMigBi;  Argent  amalgame;  NcUQriich  Anudgam, — ^This 
mineral,  which  is  of  a  silver-white  colour,  and  bright  metallic  lus- 
tre, occurs  both  in  distinct  crystals  and  in  irregular  amorphous 
masses;  it  also  not  unfrequently  assumes  the  form  of  thin  com- 
pressed, plates,  occupying  the  fissures  existing  between  the  strata. 

Its  i^secific  gravity  is  14*1,  and  when  heated  before  the  blow- 
pipe, the  mercury  is  expelled,  and  a  fused  button  of  metallic  silver 
remains.  The  composition  of  this  mercurial  amalgam  is,  accord- 
ing to  Elaproth — 

saver        ....        36- 
Mercury    ....        64* 

100- 

This  composition  would  appear  to  correspond  with  the  formula, 
AgHg,,  although  some  other  analyses  indicated  the  presence  of  a 
larger  per-centage  of  mercury.  This  mineral  is  found  in  a  great 
many  different  localities,  but  the  finest  specimens  have  been  pro- 
cured from  Moschellandsberg  in  Bavaria. 

Another  species  of  this  substance  forms  one  of  the  principal 
sources  of  silver  in  the  rich  mines  of  Arqueros,  in  idie  province  of 
Coquimbo,  Chili.  From  its  malleability  and  general  appearance, 
this  compound  was  for  a  long  time  thought  to  be  metallic  diver. 
According  to  the  analysis  of  Professor  jDomeyko,  of  the  miTiing 
school  of  Coquimbo,  thLs  annalgam  consists  of 

Silver     ....        86-50 
Mercury  .        13*60 

10000 
from  which  it  appears  to  be  composed  of  six  atoms  of  silver  united 
to  one  equivalent  of  mercury,  and  its  composition  may  therefore 
be  represented  by  the  formula  AggHg. 

Tteeou  telphMe  •f  saver;  Argent  wlfiire;  SUbergianz. — ^This 
mineral  occurs  massive,  and  crystallised  in  cubes  and  dodeca- 
hedrons. Its  colour  is  a  shining  lead  grey,  and  its  streak,  which 
is  of  the  same  colotu*,  is  likewise  fining.  The  fracture  of 
the  massive  varieties  is  slightly  oonchoidal,  sometimes  approach- 
ing to  vitreous.    It  is  fusible  even  in  the  flame  of  an  ordinary 
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candle,  and  before  the  blovq>ipe  gives  off  Bulphnrous  vapours,  and 
yields  a  button  of  metallic  silver.  This  mineral  is  at  the  same 
time  one  of  the  richest  and  most  abundant  ores  of  silver,  and 
furnishes  a  large  proportion  of  that  annually  produced  by  the 
various  foreign  mines. 

It  occurs  in  those  of  Sazonj,  Bohemia,  and  Hungan",  and  is 
particularly  abundant  in  the  mines  of  Gnanazuato  and  Zacatecas 
in  Mexico.  Sulphide  of  silver  is  frequently  associated  with  the 
sulphides  of  copper,  iron,  and  antimony. 

Its  composition  is,  according  to  Klaproth — 

From  HimmelfuiBt    From  JoachimstfaaL 
SUver     .    ,     .     .    86-5     ....    86-39 
Sulphur       .     .     .    13-5     ....    13-61 


100-0  100-00 

hee ;  Argent  aul/ktre  fragik ;  SchuxmgUUgerz, — 
This  mineral  is  of  an  iron-grey  colour  inclining  to  black,  Vith  a 
metaUic  lustre  and  unequal  conchoidal  fracture.  It  has  a  specific 
gravity  of  6*2,  is  extremely  fragile,  and  when  broken  yields  a  black 
powder. 

Before  the  blo^ipe  it  affords  a  button  of  metallic  silver,  after 
having  given  off  sulphurous  and  antimonial  fumes,  in  which  the 
peculiar  odour  of  arsenic  may  also  frequently  be  detected.  When 
crystallised,  it  is  found  in  small  six-sided  prisms,  of  which  the 
derivation  has  not  with  certainty  been  ascertained. 

This  mineral,  which  occurs  with  other  ores  of  silver  at  Freyberg, 
Schneeberg,  and  Johanngeorgenstadt  in  Saxony,  as  well  as  in  the 
mines  of  B:>hemia  and  Hungary,  and  in  those  of  Chili,  Peru,  and 
Mexico,  has,  according  to  the  investigations  of  H.  Rose  and  Klap- 
roth, the  following  composition : — 

From  Freyberg.  From  Schemnitz. 

Bj  Klaproth.  By  H.  Boae. 

Silver   ....    66-60    ....    68-64 


Copper  and  Arsenic  0*60 
Iron  ....  6-00 
Antimony  .  .  10*00 
Sulphur     .     .     .     12-00 


0*64 

14-68 
16*42 


94-00  100*28 

is  another  variety  of  silver  ore,  obtained  from  the 
Peruvian  and  lM!exican  mines.  It  usually  occurs  in  tabular  hexa- 
gonal prisms,  and  differs  so  little  in  its  chemical  composition  from 
brittle  sulphide  of  silver,  as  to  be  regarded  by  many  mineralogists 
as  merely  another  form  of  that  mineral. 
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is  a  natural  alloy  of  these  two  metals,  in 
the  proportion  of  16  of  the  former  to  84  of  the  latter ;  it  has  a 
specific  gravity  of  about  9*6,  and  fuses  before  the  blowpipe  into  a 
metallic  globide,  from  which  antimonial  fumes  are  driven  off! 

BmciJriie  is  an  argentiferous  ore  containing  copper  and  selenium. 
This  substance,  which  is  chiefly  obtained  from  Sweden,  oocurs  in 
black  metallic  fibres,  which,  when  heated  before  the  blowpipe, 
afford  the  characteristic  odour  of  decaying  horse-radish.  A 
mineral  containing  silver  and  silenium,  together  with  a  little  lead, 
is  likewise  found  in  the  Hartz. 

ChiMrMe  •f  silrcri  Argent  com^;  Hormilber. — ^This  mineral, 
which  was  formerly  supposed  to  be  of  rare  occurrence,  constitutes 
one  of  the  richest  and  most  abundant  ores  of  Chili,  where  it  is 
frequently  associated  with  native  silver,  apparently  resulting  from 
its  decomposition.  It  also  occurs  in  massive  amorphous  frag- 
ments in  connection  with  sulphide  of  silver,  but  still  more  fre- 
quently in  smaU  cubicsd  crystals  disseminated  in  the  ferruginous 
rock  known  in  Chili  and  Peru  under  the  names  of  pousas  and 
eoUorados,  The  chloride  of  silver  of  Huelgoat  is  also  of  this 
description,  and  is  disseminated  in  a  cavernous  hydrated  oxide  of 
iron,  around  the  cavities  of  which  it  assumes  the  form  of  small 
cubo-octahedral  crystals,  the  laj^est  of  which  do  not  exceed  in  size 
the  head  of  an  ordinary  pin. 

The  colour  of  this  mineral  is  white  or  yellowish-white,  which 
becomes  violet  by  exposure  to  the  air:  the  massive  fragments 
when  broken,  present  a  vitreous  conchoidal  fiucture,  the  edges  of 
which  are  transparent,  or  at  least  translucid.  Chloride  of  silver 
is  extremely  soft,  and  admits  of  being  cut  with  a  knife  or 
scratched  by  the  nail  with  the  greatest  facility.  It  is  frisible 
before  the  flame  of  the  blowpipe,  and,  when  supported  on  a  pieee 
of  charcoal,  affords  a  white  pearl-like  button,  wMch  by  continued 
exposure  to  the  reducing  flame,  finally  yields  a  globule  of  metallic 
silver.  On  being  moistened  with  water,  and  afterwards  rubbed 
with  a  piece  of  iron  or  zinc,  its  surface  becomes  covered  with  a  film 
of  reduced  silver.  Chloride  of  silver,  when  pure,  consists  of  silver 
75*3,  chlorine  24' 7 ;  and  its  composition  is  therefore  represented 
by  the  formula  AgCl. 

Specimens  of  this  mineral,  although  of  comparatively  rare  occur- 
rence in  the  European  mines,  have  been  obtained  fiim  Norway, 
Siberia,  Saxony,  the  Hartz,  and  Cornwall. 

■•dMe  Af  MiTcr  is  a  rare  mineral  of  a  pale  lemon  colour,  with 
sometimes  a  tint  of  green.  The  colour  of  this  natural  iodide 
is  not  affected  even  by  continued  exposure  to  the  direct  action  of 
the  sun's  rays,  although  that  artificially  produced  in  our  labora- 
tories is  extremely  sensitive  even  to  diffused  daylight.      This 
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mineral  fi^uentlj  assumes  the  form  of  minute  modified  cubes.  It 
is  composed  of  silver  77*4,  iodine  22*6. 

Br^iiyde  •f  surer  crystallises  in  minute  cubo-octahedrons, 
which,  except  in  their  colour,  which  is  green,  very  closely  resemble 
chloride  of  silver.  Berthier,  who  first  examined  this  mmeral,  dis- 
covered it  in  the  hydrated  oxide  of  iron  from  Huelgoat,  but  it 
has  since  been  so  abundantly  found  in  the  district  of  Plataros,  near 
Zacatecas,  in  Mexico,  that  the  ores  there  raised  have  received  the 
name  of  plata  verde,  from  the  colour  imparted  to  them  by  this 
substance.  According  to  the  analysis  of  Berthier,  it  is  composed 
of  silver  67-70,  bromine  12*60. 


ESTIMATIOK  OF  SILVEB,  AITD  ITS  SEPAAATIOK  FBOM  OTHSB 
METALS. 

This  metal  is  either  weighed  in  the  metallic  state,  as  obtained 
bv  cupellation,  or  is  precipitated  from  its  solutions  in  the  form  of 
chloride,  fix)m  the  quanti^  of  which  the  amount  of  silver  origi- 
nally present  is  readily  deduced  by  calculation.^ 

The  precipitation  of  the  chloride  is  usually  effected  by  the 
addition  of  a  snudl  excess  of  hydrochloric  acid  to  the  solution  in 
which  the  silver  is  contained,  and  which,  in  order  that  a  dense  pre- 
cipitate may  be  obtained,  should  be  heated  nearly  to  the  boiling 
point  previous  to  the  addition  of  the  precipitant :  the  addition  of  a 
few  drops  of  nitric  acid  to  the  solution  is  also  firequently  fdund  of 
service  in  obtaining  a  precipitate,  which  becomes  readily  deposited 
at  the  bottom  of  the  beaker  in  which  the  operation  has  been  con- 
ducted. When  the  whole  of  the  chloride  has  been  collected  at 
the  bottom  of  the  vessel,  the  supernatant  liquor  is  carefully 
drawn  off  into  another  beaker  by  means  of  a  glass  syphon,  care 
being  taken  not  to  draw  over  at  the  same  time  any  portion  of  the 
solid  precipitate. 

The  chloride  is  now  transferred  from  the  beaker  to  a  thin  porce- 
lain capsule  of  which  the  weight  has  been  accurately  taken  and 
noted,  and  after  being  placed,  for  the  puipose  of  guarding  against 
loss,  in  a  large  porcelain  dish,  it  is  again  washed  with  water 
slightly  acidumted  with  nitric  acid.  W^en  the  washing  has  been 
completed,  the  supernatant  water  is  drawn  off  by  a  pipette.  Mid 
the  crucible  with  its  contents  is  removed  from  the  porcelain  dish 
in  which  it  has  been  standing  during  the  process,  to  a  water-bath, 
in  which  the  chloride  is  carefully  dried.  The  water  drawn  off  into 
the  second  beaker  at  the  commencement  of  the  operation  is  also 

1  Every  100  parte  of  the  chlorido  correspond  to  76*27  parts  of  metallic  silver. 
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examined  in  order  to  ascertain  if  any  deposit  has  taken  place,  and 
which,  should  any  occur,  must,  after  washing,  be  added  to  that 
ah^ady  contained  in  the  crucible. 

When  the  chloride  has  become  sufficiently  dry,  it  is  removed 
from  the  water-bath  and  heated  over  the  flame  of  a  gas-burner 
or  spirit  lamp,  until  it  has  become  fused,  when  the  crucible  and  its 
contents  are  again  weighed ;  and  the  difference  between  the  first 
and  second  weighings  will  evidently  correspond  to  75*27  per 
cent,  of  metaUic  silver.  The  chloride  of  silver,  when  fused,  is 
found  to  attach  itself  so  firmly  to  the  sides  of  the  crucible  as  to 
be  extremely  difficult  of  removal  by  ordinary  means :  it  may,  how- 
ever,* be  readily  detached  by  boiling  it  mth  small  fragments  of 
metallic  zinc  in  a  little  hydrochloric  add :  by  this  treatment  the 
chloride  is  reduced  to  the  metallic  state,  and  is  then  easily  removed 
by  washing. 

The  solubility  of  silver  in  nitric  acid,  and  the  complete  insolu- 
bihty  of  its  chloride  in  acid  solutions,  render  the  separation  of  this 
body  from  the  other  metals  in  most  instances  an  easy  operation. 
When,  however,  it  is  present  in  a  solution  together  with  salts  of 
lead  and  mercury,  the  direct  addition  of  an  excess  of  hydrochloric 
acid  cannot  be  employed,  as  in  this  case  the  precipitate  obtained 
would  be  contaminated  by  the  chlorides  of  le«d  and  mercuiy,  by 
which  the  result  would  be  seriously  vitiated.  When  mercuiy 
alone  is  associated  with  the  silver,  tlus  inconvenience  may  be  ob- 
viated by  treating  the  precipitate  with  boiling  nitric  acid,  to  which 
a  few  drops  of  hydrochloric  acid  have  been  added :  by  this  means 
the  mercury  is  dissolved  in  the  state  of  corrosive  subhmate,  whilst 
the  chloride  of  silver  remains,  on  the  contrary,  unacted  on.  When 
lead  is  present,  the  chloride  of  that  metal  may  be  removed  by 
continued  washings  in  water  containing  a  small  quantity  of  hydro- 
chloric acid.  The  water  used  for  this  purpose  should  be  hot,  but 
when  the  proportion  of  lead  in  comparison  to  that  of  silver  is 
not  extremely  small,  recourse  must  be  had  to  cupellation.  The 
separation  of  silver  from  mercury  may  also  be  effected  with 
sufficient  accuracy  for  metallurgic  purposes  by  precipitating  the 
two  metals  t(^ther  by  sulphuretted  hydrogen,  and  afteiwaids 
roasting  the  sulphides  in  a  small  porcelam  crucible,  by  which  the 
mercury  will  be  almost  completely  expelled,  whilst  the  silver 
remains  in  the  metallic  state. 


ASSAY  or  THS  ALLOYS  AlTD  OBSS  OF  8ILVEB. 

•f  AUvfs. — ^The  assay  of  the  alloys  of  silver  by  cupella- 
tion is  conducted  as  described  when  treating  of  the  assay  of 
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argentiferous  galena,  except  that,,  as  many  of  the  compounds  con- 
taining silver  contain  other  metals  hesides  lead,  and  particularly 
copper,  it  becomes  necessary  to  add  on  the  cupel  a  sufficient 
amount  of  pure  lead  to  enable  the  other  oxides  produced  to  sink 
into  the  bone-ash  of  the  cupel,  and  thus  allow  the  mixture  to 
constantly  present  a  fresh  surface  for  further  oxidation.  From  the 
circumstance  that  the  silver  money  of  all  European  nations  is 
alloyed  with  copper,  the  mixtures  of  these  metals  are  those  which 
most  frequently  occupy  the  attention  of  the  assayer,  and  the  cupel- 
lation  of  such  alloys  has  consequently  been  more  particularly 
studied.  The  following  directions,  therefore,  although  especially 
referring  to  the  alloys  of  silver  and  copper,  are  also  to  a  great  ex- 
tent applicable  when  other  metals  are  present  in  the  mixture. 

The  amount  of  lead  necessary  to  be  added  to  an  alloy  of  silver 
and  copper  varies  in  accordance  with  the  composition  of  the  mix- 
ture to  be  treated,  and  should  be  greater  in  proportion  as  the 
quantity  of  copper  becomes  more  considerable.  In  making  this 
addition  it  is  necessary  to  bear  in  mind  that  the  lead  must  be 
present  in  such  quantity  that  the  litharge  formed  may  be  enabled 
to  dissolve  the  other  oxides  produced,  and  at  the  same  time  remain 
sufficiently  liquid  to  be  readily  absorbed  by  the  pores  of  the  cupel. 
If  this  necessary  amount  be  not  added,  the  litharge  formed  be- 
comes pasty,  and  speedily  covers  the  surface  of  the  cupel,  which 
is  then  said  to  be  drovmed;  whilst  if  too  large  a  quantity  be 
employed,  the  assay  remains  a  long  time  in  the  fire,  and  a  consi- 
derable loss  of  silver  by  evaporation  is  experienced. 

The  affinity  exercised  by  the  silver  for  copper,  renders  it  neces- 
sary in  these  operations  to  add  a  larger  amount  of  lead  than 
would  be  required  if  pure  copper  alone  were  to  be  absorbed. 

The  following  table  shows,  according  to  experiments  of  D'Ar- 
eet,  the  amount  of  lead  necessaiy  to  effect  the  proper  cupellation 
of  various  alloys  of  silver  and  copper.^ 

Sudani  of  ^Amonntof  Quantity  of  "^Z^Ho^ 

saver.  Copper  alloy«a.  Lead  necessary.  thatTcoppL. 

1000                          0  {js^  

950                    50  3  60tol 

900                  100  7  70tol 

800                  200  10  50tol 

700                  300  12  40tol 

600                  400  14.  35tol 

600                  600  16  to  17  82tol 

1  Berthier,  Vol  n.  p.  861. 

f  Even  with  pure  silver  it  is  found  neoessaiy  to  add  a  little  lead  on  the  cupel, 
as  tha  button  would  not  otherwise  assume  the  rounded  fonn  which  »  requifed. 


Stindndof 

Amonnt  of 

Qiumtityor 

SiWw. 

Copper  anajed. 

Load  iMcttsuy. 

400 

600 

16  to  17 

300 

700 

16  to  17 

200 

800 

16  to  17 

100 

900 

16  to  17 

Pureoopi 

jer     1000 

16  to  17 
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Quantity  of  Lead. 

in  xdalioii  to 

that  of  Copper. 

27tol 
23tol 
20tol 
18tol 
leiol 

It  will  be  remarked,  that  below  the  standard  of  500,  or  one- 
half  ailver,  the  proportion  of  lead  to  be  employed  oonatantlj 
remains  the  same,  whatever  may  be  the  constitution  of  the  alloy; 
this  fact  is  fully  borne  out  by  experiment. 

As  a  general  rule,  it  is  found  tWt  a  cupel  is  ci^yable  of  absorb- 
ing its  own  weight  of  litharge,  and  consequently,  when  the  com- 
position of  an  aUoy  is  nearly  known,  it  becomes  easy  to  choose  a 
cupel  of  the  right  size  for  conducting  the  operation.  It  is  like- 
wise of  importtmce  that  the  lead  employed  for  the  assay  should 
contain  but  a  very  small  proportion  of  silver,  and  it  is  evidently 
essential  that  in  all  cases  the  assayer  should  be  assured  of  the 
exact  quantity  of  this  metal  by  means  of  repeated  trials.  The  lead 
added  to  the  alloy  being  in  all  cases  weighed,  its  canesponding 
amount  of  silver  must  be  deducted  from  that  obtained  from  the 
alloy  at  the  termination  of  the  experiment. 

The  results  of  the  operation  aie  also  considerably  influenced  by 
the  temperature  at  which  the  cupellation  has  been  conducted, 
and  consequently  all  assays  made  in  this  way  are  liable  to  a  cer- 
tain amount  of  error.  When  the  muffle  is  too  strongly  heated, 
the  silver  becomes  perfectly  refined,  but  experiences  a  loss  through 
sublimation  and  absorption  by  the  cupel ;  whilst,  on  the  oontraiy, 
when  the  temperature  has  not  been  sufficiently  elevated,  the  but- 
ton is  not  thoroughly  refined,  but  retains  a  portion  of  lead.  These 
two  causes  of  error,  existing  at  the  same  tmie  in  all  cupellations, 
are  found  in  practice  to  almost  neutralise  each  other,  although  it 
is  necessary  to  employ  various  minute  precautions  in  order  to  ob- 
tain satisfiictoiy  results. 

The  assayer  should,  in  the  first  place,  constantly  heat  his  fiir- 
nace  to  the  same  temperature,  and  make  a  table  of  corrections  by 
which  he  may  be  enabled  for  each  alloy  to  determine  the  addition 
which  should  be  made  to  the  result  found,  in  order  to  arrive  at 
the  correct  standard  of  the  mixture.  This  table  is  constructed  by 
cupelling  a  series  of  alloys  made  by  melting  together  proper  mix- 
tures of  copper  and  silver,  and  of  which  the  larue  composition  is 
consequently  known.  This  table  can,  however,  be  onlv  employed  by 
the  assayer  who  constructs  it,  as  it  is  merely  applicable  to  the  par- 
ticular furnace  in  which  the  standard  cupellations  have  been  made. 
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For  the  purpose  of  checking  the  results  incorporated  in  the 
table,  it  is  also  prudent  to  make  from  time  to  time  an  assay  on 
an  alloy  corresponding  to  one  of  those  first  operated  on,  as  by 
this  means  it  is  easy  to  discover  whether  the  loss  during  the 
cupellation  remains  constant  for  each  alloy,  and  consequently 
whether  the  tabular  corrections  may  still  be  safely  employed. 
This  checking  becomes  especially  necessaiy ,  if  any  sort  of  altera- 
tion has  been  made  in  any  of  the  arrangements  of  the  furnace. 

The  following  table  is  that  adopted  at  the  French  Mint,  for 
the  different  alloys  of  silver  and  copper : — 


True  StancUid. 

Standard  by 
CupeUatkni. 

Lots,  or  qoantities  to  be 
added  to  the  •m^ts 
found  by  Cupdlation. 

1000 

998-97 

108 

950 

947-50 

2-50 

900 

89600 

4-00 

860 

845-85 

416 

800 

795-70 

4-30 

760 

745-48 

4-62 

700 

695-25 

4-75 

660 

646-29 

4-71 

600 

595-82 

4-68 

660 

645-32 

4-68 

600 

495-82 

4-68 

400 

89605 

8-95 

800 

297-40 

2-60 

200 

197-47 

2-58 

100 

99-12 

0-88 

When  other  metals  besides  lead  and  silver  are  present  in  an 
alloy,  the  cupel  usually  affords  indications  from  which  it  is  easy 
to  judge  of  their  nature,  and  roughly  of  the  amount  in  which  they 
exist.  Pure  lead  stains  the  cupel  a  straw-yellow  colour,  some- 
times verging  on  orange.  Copper  gives  a  grey  or  dark-brown 
tint  according  to  its  quantity.  Iron  produces  a  black  stain  which 
is  chiefly  formed  shortly  after  the  commencement  of  the  opera- 
tion, ana  gives  rise  to  a  dark  ring  around  the  sides  of  the  cupel. 
Zinc  leaves  a  yellowish  stain  on  the  cupel,  and  produces  during 
the  process  of  cupellation  a  luminous  white  flame,  and  abundant 
fumes  of  the  same  colour,  which  carry  off  with  them  a  consider- 
able amount  of  silver.  Tin  produces  a  grey  slag,  and  antimony 
leaves  a  spongy  yellow  scoria,  which  causes  the  circumference  of 
the  cupel  to  effloresce  and  split  off.  The  two  last-named  metals 
render  the  cupellation  of  the  alloys  in  which  they  exist  extremely 
difficult,  and  necessitate  the  employment  of  a  large  quantity  of 
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pure  lead  in  order  to  carry  off  the  insoluble  oxides  formed.  When 
assays  of  aUoys  containing  silver  are  frequently  to  be  made  by 
eupellation,  it  will  be  found  extremely  convenient  to  keep  in  the 
laboratory  a  supply  of  poor  lead,  cast  in  the  form  of  bullets :  by 
this  means,  the  standard  of  the  lead  being  previously  known, 
it  becomes  easy,  by  merely  counting  the  number  of  pieces  added, 
to  know  exactly  what  deduction  is  to  be  made  for  the  silver  in 
the  poor  lead  at  the  termination  of  the  eupellation.  When 
assays  containing  copper  and  other  metals  are  to  be  cupelled,  the 
cupel  should  be  first  about  half  filled  with  poor  lead,  and  whan 
this  has  fused  and  become  uncovered,  the  alloy  to  be  examined  is 
carefully  added,  enveloped  either  in  paper  or  in  a  known  weight 
of  thin  sheet  lead,  of  which  the  standaid  has  been  previously  de- 
termined. 

Ajmmj  m€  Mim  OtM.^ — In  the  assay  of  ores  belonging  to  this 
class,  the  object  sought  is  to  obtain  the  metals  which  they  contain 
in  the  form  of  alloys  with  lead,  and  these  are  afterwards  passed  to 
the  muffle  and  cupelled  in  the  ordinary  way.  The  method  of 
assaying  lead  ores  containing  silver  was  described  when  treating 
of  that  metal. 

Argentiferous  minerals  containing  copper  may  be  assayed  as  if 
that  metal  alone  were  present,  as  the  resulting  button  of  aUoy 
admits  of  being  readily  cupelled  with  a  proper  addition  of  metallic 
lead.  In  roasting  these  ores  it  is  generally  necessary  to  employ 
a  very  low  temperature  only,  as,  firom  their  great  fusibility,  diey 
would  otherwise  be  liable  to  agglutinate,  by  which  the  further 
expulsion  of  the  sulphur  would  be  rend^«d  extremely  difficult. 
It  Ib  also  of  the  greatest  importance  that  the  whole  of  the  sulphur 
contained  in  the  ore  should  be  expelled,  as  otherwise  a  large  por- 
tion of  the  silver  present  is  retained  in  the  slag  by  the  ukaline 
sulphide  formed  by  the  mutual  decomposition  of  the  metallic  sul- 
phides and  the  flux  employed  in  the  assay. 

Ores  of  silver  in  which  the  metals  exist  in  the  form  of  reducible 
oxides  are  commonly  fused  with  a  mixture  of  litharge  and  finely- 
powdered  charcoal,  by  which  an  allov  with  lead  is  obtained,  which 
is  subsequently  subjected  to  eupellation.  The  proportion  of 
litharge  employed  for  this  purpose  must  be  varied  according  to 
cireumstances,  as  the  resultmg  button  of  alloy  should  not  be  too 
rich,  since  in  that  case  a  portion  of  the  silver  is  lost  in  the  slag ; 
nor  too  poor,  as  the  eupellation  would  then  occupy  a  long  time, 
and  a  loss  through  sublimation  be  entailed.  In  ordinary  cases,  if 
400  grains  of  ore  be  the  quantity  operated  on,  a  button  of  200  grains 
will  be  a  very  convenient  amount  for  eupellation ;  and  tiiis  may  be 
obtained  by  the  addition  of  800  grains  of  litharge,  and  firom  7  to 
8  grains  of  finely-powdered  chitfcoal.    The  whole  is  to  be  well 
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mixed  with  200  grains  of  carbonate  of  soda  on  a  sheet  of  highly- 
glazed  paper,  and  afberwards  introduced  into  an  earthen  crucibfe, 
of  which  it  should  not  fill  more  than  two-thirds  the  capacity. 
This  is  now  covered  with  a  thin  layer  of  borax,  and  ftised  in  an 
ordinaiy  assay  furnace,  care  being  taken  to  withdraw  it  from  the 
fire  as  soon  as  a  liquid  and  perfectly  homogeneous  slag  has  been 
obtained,  as  the  unreduced  htharge  would  otherwise  l^  liable  to 
cat  through  the  pot  and  spoil  &e  experiment.  When  it  has 
sufficiently  cooled,  the  crucible  is  broken,  and  the  button  of  alloy 
obtained  is  passed  to  the  cupel.  In  this  and  all  similar  experi- 
ments it  is  of  course  necessary  to  ascertain  by  previous  experiment 
the  standard  of  the  lead  obtained  by  the  reduction  of  the  litharge, 
in  order  to  be  possessed  of  data  &om  which  to  make  the  requisite 
deduction  from  the  result  obtained.  With  poor  litharge,  however, 
the  resulting  lead  contains  so  small  an  amount  of  silver,  that, 
for  many  commercial  purposes,  its  presence  may  be  entirely 
neglected. 

When  other  minerals  than  oxides  or  carbonate  are  to  be 
examined,  the  addition  of  charcoal,  or  any  similar  reducing  agent, 
becomes  in  many  instances  unnecessary,  as  litharg^e  readily  attecks 
aD  the  sulphides,  arsenio-sulphides,  &c.,  and  oxidises  nearly  the 
whole  of  their  constituents,  with  the  exception  of  silver,  whilst  a 
proportionate  quantity  of  metallic  lead  is  at  the  same  time  set 
free.  The  slags  formed  in  this  way  contain  the  whole  of  the 
excess  of  lithaive  added,  and  the  button  of  alloy  produced  is  sub- 
jected to  cupeUation  in  the  usual  manner.  The  proportion  of 
oxide  of  lead  added  to  ores  of  this  description  varies  in  accordance 
with  the  amount  of  oxidisible  substances  present ;  but  it  should 
in  all  cases  be  added  in  excess,  since,  if  the  slags  retain  traces  of 
any  undecomposed  sulphide,  the  whole  of  the  nlver  contained  in 
the  mineral  will  not  be  collected  in.  the  button  of  alloy  obtained. 
For  the  assay  of  iron  pyrites  about  30  parts  of  oxide  of  lead  are 
required ;  whilst  for  mispickel,  blende,  copper  pyrites,  grey  cobalt, 
and  sulphide  of  antimony,  from  15  to  25  times  their  weight  only 
mi^be  employed. 

The  only  objection  to  be  made  to  this  method  of  assay  is  the 
large  amounts  of  lead  which  are  produced  for  cupellation ;  as 
pure  iron  pyrites  affords  8^  parts  of  this  metal,  wlulst  sulpliide 
of  antimony  and  grey  copper  ore  yidd  from  6  to  7  parts.  This 
inconvenience  may,  however,  be  obviated  by  efiecting  the  partial 
oxidation  of  the  mineral  either  by  roasting  or  by  the  aid  of  nitre ; 
by  the  skilfbl  use  of  which  a  metallic  button  of  almost  any  re- 
quired weight  may  be  obtained. 

When  this  reagent  is  employed  in  excess,  it  determines  the 
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oxidation  of  all  the  metallic  and  combustible  snbstanoes  oontained 
in  the  mineral,  not  excepting  the  silver  itself. 

But  when  the  mixture  contains  at  the  same  time  a  large  exo^s 
of  litharge,  and  the  nitre  has  not  been  added  in  sufficient  quantity 
to  decompose  the  whole  of  the  sulphides  present,  a  reaction  is 
established  between  the  portion  of  undecomposed  sulphide  and 
the  oxide  of  lead  added.  This  gives  rise  to  the  formation  of  a 
button  of  metallic  lead,  which,  combining  with  the  liberated  silver, 
affords  a  button  of  alloy  weU  suited  for  the  purpose  of  cupeUation. 
The  exact  amount  of  nitre  to  be  employed  for  this  purpose  will 
necessarily  depend  on  the  nature  and  richness  of  the  ores  operated 
on ;  but  it  should  be  borne  in  mind  that  2i  parts  of  nitrate  of 
potash  are  sufficient  to  completely  oxidise  pure  iron  pyrites,  and 
that  1^  and  2-8rds  the  weight  are  in  the  case  of  sulphide  of  anti- 
mony  and  galena  sufficient  to  produce  the  same  effect  respectively 
on  those  ores. 

Ammj  mi  All«7s  mi  Mrer  sad  Clipper  by  tlw  WbamM  iray* — On 
account  of  the  difficulty  experienced  in  obtaining  perfectly  accu- 
rate results  by  the  ordinary  method  of  cupeUation,  a  commission 
was  in  1829  appointed  by  the  French  Gbyemment  for  the  pur- 
pose of  examining  the  different  processes  then  employed  in  the 
Parisian  Mint  for  the  assay  of  aUoys  containing  gold  and  silver, 
and  reporting  on  any  modifications  which  might  be  thought 
advantageous. 

Qav-Lussac,  who  was  one  of  the  commissioners  to  whom  this 
question  was  subjected,  proposed  the  adoption  of  the  liquid 
method  of  assay  now  employed,  and  published  in  the  name  of  the 
commission  the  details  of  the  various  necessarv  operations.  To 
this  report,  and  Begnault's  more  recent  description  of  the  methods 
and  apparatus  at  present  employed  in  the  French  Mint,  I  am 
chiefly  mdebted  for  the  following  details. 

Tins  process  consists  in  determining  the  standard  of  the  alloy 
examined  bv  means  of  a  solution  of  ddoride  of  sodium,  of  which 
the  strength  has  before-hand  been  accurately  ascertained. 

The  solution  of  salt  employed  is  so  regulated  that  a  decilitre  is 
capable  of  exactly  precipitating  1  gramme  of  pure  silver.  To  de- 
termine the  composition  of  an  aUoy,  1  grm.  of  the  mixture  is 
dissolved  in  5  or  6  grms.  of  nitric  add,  and  to  this  is  carefully 
added  the  standard  solution  of  common  salt  from  an  aocuratdy 
graduated  burette  until  the  introduction  of  a  fresh  quantity  ceases 
to  be  accompanied  by  a  deposit  of  insoluble  chloride  of  silver. 
Towards  the  end  of  the  experiment,  when  the  point  of  saturation 
is  nearly  arrived  at,  care  must  be  taken  to  wdl  shake  the  bottie 
after  the  addition  of  each  successive  drop  of  the  saline  solution, 
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as  by  this  means  the  liquor  is  rendered  clear  through  the  preci- 
pitation of  the  chloride  of  silver  formed.  When  the  whole  of  the 
sHver  has  been  thus  thrown  down,  the  number  of  divisions  of  the 
burette  which  have  been  employed  in  its  precipitation  are  read 
off;  and,  from  the  amount  of  chloride  of  sodium  used,  the  per- 
centage of  silver  present  is  at  once  ascertained. 

When  an  accurate  assay  has  to  be  made  of  an  alloy  of  which 
the  composition  is  before-hand  approzimatively  known,  as  in  the 
case  of  a  silver  coin  or  a  piece  of  plate,  this  process  admits  of 
being  considerably  simplified,  and  at  the  same  time  affords  results 
of  the  most  exact  description.  For  this  purpose  two  distinct 
solutions  of  common  salt  are  employed :  the  first,  which  is  known 
by  the  name  of  the  normal,  solution,  is  of  such  a  strength  that  one 
decilitre  will  precipitate  1  grm.  of  pure  silver ;  the  second,  called 
the  decimal  solution,  is  ten  times  weaker  than  the  first,  and  con- 
sequently contains  in  a  litre  of  liquor  the  amount  of  chloride 
necessary  to  effect  the  precipitation  of  J  grm.  of  pure  silver. 

The  better  to  understand  this  process,  let  us  suppose  that  a 
piece  of  silver  money  of  the  French  coinage  is  to  be  examined, 
and  which,  in  order  to  be  of  the  standard  quality  as  prescribed  by 
law,  should  contain  iVbVths  of  pure  silver.  We  will  assume,  then, 
that  the  alloy  in  question  only  contains  lAfoVths  of  silver,  and 
consequently  that  1-116  grm.  of  the  mixture  will  correspond  to 
1  grm.  of  pure  silver.  This  quantity  is  then  cut  off  the  coin, 
and,  after  being  aocuratelv  weighed,  is  placed  in  a  bottle  capable 
of  being  perfectly  closed  by  a  glass  stopper,  where  it  is  dissolved 
in  irom  5  to  6  grms.  of  pure  nitric  acid ;  and,  as  soon  as  the  solu- 
tion has  been  completely  effected,  exactly  1  decilitre  of  the  normal 
solution  of  common  salt  is  introduced. 

It  is  evident  that  if,  as  was  first  supposed,  the  alloy  has  really 
the  standard  of  iVz/ry,  the  whole  of  the  silver  will  be  precipitated 
by  the  quantity  of  solution  added,  and  that  the  supernatant  liquor 
will  contain  no  traces  of  chloride  of  sodium  in  excess.  If,  on  the 
contrary,  the  standard  is  higher  than  that  originally  assumed, 
there  will  still  remain  a  portion  of  sQver  in  solution ;  whilst,  if 
it  be  less,  the  whole  of  the  silver  will  have  been  completely  pre- 
cipitated, but  the  liquor  will  contain  an  excess  of  chloride  of 
sodium.  To  ascertain  which  of  these  effects  has  been  produced, 
the  bottle  is  now  carefully  closed  with  its  glass  stopper  and  briskly 
shaken  until  the  precipitated  chloride  has  subsid^  and  the  solu- 
tion become  clear. 

When  this  point  has  been  attained,  a  cubic  centimetre  of  the 
decimal  solution  of  common  salt  capable  of  precipitating  0*001 
grm.  of  pure  silver  is  introduced.  If  any  unprecipitated  silver 
remains  in  the  solution,  the  liquor  now  becomes  cloudy,  and  after 
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being  again  shaken,  another  oentimetre  of  the  decimal  solation  is 
added.  If,  on  the  addition  of  this  second  centimetre  of  the  solu- 
tion, the  liquor  again  becomes  turbid,  it  is,  after  being  well  shaken, 
allowed  to  clear,  and  a  third  centimetre  of  the  decimal  solation 
poured  in,  and  so  on  until  no  further  turbidity  is  produced  on  the 
addition  of  a  fresh  quantity  of  the  decimal  solution.  If  we  sup- 
pose that  five  of  the  cubic  centimetres  of  the  decimal  solution, 
successively  added,  have  produced  a  precipitate  in  the  liquor,  whikt 
the  addition  of  the  sixth  has  in  no  way  affected  its  transparency, 
we  may  conclude  that  after  the  precipitation  of  1  grm.  of  pure 
silver  by  the  decilitre  of  normal  solution,  the  liquor  still  contained 
at  Least  4  thousandths  of  a  gramme  of  silver.  From  the  circum- 
stance of  the  fifth  cubic  centimetre  of  decimal  solution  having 
caused  a  turbidity,  whilst  the  sixth  produced  no  kind  of  effect  on 
the  solution,  it  is  also  evident  that  the  liquor  at  most  did  not 
contain  more  than  5  thousandths  of  a  gramme  of  silver;  and 
therefore,  in  adding  4i  thousandths,  we  are  certain  of  arriving  at 
the  exact  result  to  within,  at  most,  one  half-thousandih  of  the 
truth.  The  standard  of  the  allov  examined  will  therefore  be  896 
+  4^  =  900|^  thousandths.  When,  on  the  contrary,  the  cubic 
centmietre  of  the  decimal  solution  gives  no  further  precipitate  in 
the  solution  of  silver  which  has  already  received  the  decilitre  of 
the  normal  liquid,  it  is  evident  that  the  standard  of  the  alloy  must 
be  inferior  to  lAAArths,  and  consequently  the  mixture  is  below  the 
legal  title.  If  in  this  case  its  exact  composition  is  required,  re- 
course must  be  had  to  a  standard  solution  of  silver  in  nitric  acid, 
so  adjusted  that  one  litre  of  the  liquor  may  contain  exactly  1 
gramme  of  pure  silver.  This  is  only  employed  when  the  alloy  to 
be  examined  proves  to  be  poorer  in  silver  than  was  imagined  at 
the  commencement  of  the  operation,  and  is  called  the  deemed 
solution  of  silver. 

To  use  this  preparation,  a  cubic  centimetre  of  the  decimal  silver 
solution  is  dropped  from  a  pipette  into  the  bottle  containing  the 
assay,  and  precipitates  an  amount  of  salt  exactly  correspondmg  to 
the  same  volume  of  the  decimal  solution  of  common  salt,  which 
was  added  for  the  purpose  of  ascertaining  whether  the  whole  of 
the  silver  had  been  precipitated.  The  liquor  is  now  brightened 
by  agitation,  and  another  cubic  centimetre  of  the  silver  solution 
added.  K  a  turbidity  is  produced,  the  bottle  is  again  shaken,  and 
a  third  measure  of  the  solution  introduced  after  the  chloride 
formed  has  been  completely  deposited.  This  is  continued  until 
the  addition  of  the  silver  solution  ceases  to  cause  a  precipitate  in 
the  solution  to  be  assayed.  If  we  in  this  case  suppose  that  the 
first  five  cubic  centimetres  of  the  silver  solution  gave  rise  to  the 
formation  of  a  precipitate,  and  that  on  the  introduction  of  tiie 
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sixth  the  liquor  remained  perfectly  clear,  it  is  prohahle  that  the 
fifth  cahio  centimetre  was  not  entirely  decomposed,  and  it  is  there- 
fore Gostomary  to  admit  that  4^  cuhic  centimetres  of  the  silver 
solution  have  heen  sufficient  to  effect  the  decomposition  of  the 
excess  of  chloride  of  sodium  remaining  in  the  fluid  afber  the  in- 
troduction of  the  decilitre  of  the  norm^  solution. 

It  is  consequently  evident  in  this  case,  that  it  will  be  necessary 
to  subtract  4^  thousandths  £rom  the  presumed  title  of  the  com- 
pound, and  that  the  correct  standard  of  the  alloy  will  be  expressed 
by  896-^  =  891^  thousandths. 

In  large  establishments,  such  as  the  different  Mints  where  great 
numbers  of  assays  of  alloys  composed  of  copper  and  silver  are 
daily  made,  the  apparatus  is  so  arranged  as  materially  to  &cilitate 
the  performance  of  the  various  operations  above  described.  In 
the  French  Mint,  where  this  method  of  assaying  was  first  em- 
ployed, the  apparatus  figs.  207  and  208  has  been  adopted. 


208. 


The  normal  solution  of  common  salt  is  kept  in  a  large  vessel,  t, 
made  either  of  stoneware  or  sheet  copper,  and  carefolly  tinned  on 
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the  inside.  This  reservoir,  for  the  purpose  of  preYenting  eyapora- 
tion,  is  eompletelj  covered  hy  an  immoveable  lid,  provided  with  a 
tube,  a  dy  by  which  the  air  enters  the  chamber  to  supply  the  place 
of  any  portion  of  the  solution  that  may  be  drawn  off.  This 
vessel,  which  is  supported  on  a  shelf  fixed  near  the  roof  of  the 
laboratory,  is  provided  with  a  tube,  b  c  d^  bent  at  right  angles  at 
c,  and  which  admits  of  being  closed  by  a  stop-cock,  t.  The  pipette, 
p,  which  contains  exactly  a  decilitre  of  the  liquid,  is  connected 
with  the  tube,  c  d,  by  means  of  the  tube,  d  e,  which  contains  a 
thermometer  accurately  graduated.  The  metallic  connector  by 
which  the  tube,  de^iB  fastened  to  the  pipette,  p,  is  provided  with 
two  stop-cocks,  t'  and  If',  of  which  the  uses  will  be  presently  ex- 
plained. In  conducting  an  assay,  the  operator  cloises  the  extre- 
mity of  the  pipette  with  the  fore-finger  of  the  left  hand,  fig.  208, 
and  with  the  right  opens  the  taps  f  and  t'%  by  the  first  of  which  the 
solution  enters  the  burette,  whilst  from  the  second  the  air  contained 
ID  the  glass  bulb  escapes  in  proportion  as  it  becomes  filled  by  the 
normal  solution  of  chloride  of  sodium.  When  the  burette  has 
become  filled  by  the  liquor  to  a  Uttle  beyond  the  mark,  m,  the 
cocks,  t  and  f  are  both  closed,  and  the  instrument  remains  changed 
with  the  solution. 

On  the  table  immediately  beneath  this  apparatus  is  placed  a 
sliding  support,  w,  in  which  is  secured  by  means  of  a  ring  of  thin 
copper,  c,  the  bottle,  b,  containing  the  solution  in  nitric  acid  of 
the  alloy  to  be  assayed,  whilst  immediately  in  connection  with  it 
is  a  small  stand,  8,  on  which  is  fastened  a  sponge,  q,  covered  by  a 
piece  of  fine  linen,  and  situated  at  the  exact  height  of  the  beak,  p, 
of  the  pipette.  The  assayer  now  slides  the  plate,  w,  in  the  grooves, 
a  G',  in  such  away  that  the  sponge  may  come  in  contact  with  the 
extremity  of  the  burette,  and  by  caremlly  admitting  air  through 
the  aperture,  r,  allows  the  liquor  to  descend  until  it  exactly  reaches 
the  level  of  the  line,  m,  marked  on  the  glass  by  means  of  a  scratch- 
ing diamond.  The  sponge  removes  the  last  drop  of  the  solution, 
which  would  otherwise  remain  attached  to  the  l^ak  of  the  instru- 
ment, and  iQ  proportion  as  it  becomes  saturated  with  moisture  it 
leaks  down  thiroiigh  the  hollow  support,  s,  into  the  cup-shaped  re- 
ceiver, B,  where  it  is  collected.  The  operator  now  draws  the  slide 
towards  the  right  until  it  is  stopped  by  a  peg,  which  arrests  it  when 
the  neck  of  the  bottle  is  immediately  under  the  extremiiy  of  the 
burette ;  and,  having  again  opened  the  cock,  r,  he  allows  die  solu- 
tion to  flow  directly  into  it.  The  last  drop  of  the  liquor  invariably 
remains  attached  to  the  burette ;  but,  as  the  instrument  is  gauged 
with  due  attention  to  this  circumstance,  its  removal  becomes 
unnecessary,  and  would  in  fact  vitiate  the  result  obtained.  As  in 
most  instances  several  assays  are  being  made  at  the  same  time. 
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the  weighed  quantities  of  alloy  are  commonly  dissolved  in  num- 
bered bottles,  which  are  arranged  in  a  metalhc  frame  somewhat 
similar  to  a  cruet  stand,  and  which,  after  the  introduction  of  the 
add,  are  placed  in  a  vessel  of  hot  water  for  the  purpose  of  facilitat- 
ing their  solution. 

When  the  various  alloys  have  become  completely  dissolved,  the 
nitrous  fumes  are  removed  from  the  bottles  by  sughtly  blowing 
into  them  through  a  glass  tube,  and  a  decilitre  of  the  normal 
solution  is  then  introduced  into  each  by  the  method  already 
described.  The  bottles  are  subsequently  placed  in  a  second 
metallic  case,  c,  fig.  209,  which,  besides  being  provided  with  com- 
partments for  each  phial,  is  suspended  from  the  extremity  of  a 
steel  spring,  a  h,  and  is  steadied  from  below  by  the  elastic  spiral, 
e  d.  The  bottles,  afber  being  carefully  closed  by  their  stoppers 
and  fastened  in  their  several  compartments,  are  now  well  shaken 
by  an  assistant,  who  takes  hold  of  the  handle,  ef,  and  briskly 
agitates  the  whole  apparatus  during  several  minutes.  As  soon  as 
the  liquors  have  in  this  way  been  rendered 
sufficiently  clear,  the  bottles  are  removed 
from  the  frame,  c,  to  a  black  table  fitted 
up  with  divisions  numbered  to  correspond 
Mrith  those  on  the  phials  themselves,  care 
being  also  taken  that  each  assay  be  placed 
in  the  compartment  to  which  it  belongs. 
The  decimal  solution  which  is  contained  in 
a  phial  having  a  pipette  passing  through  its 
stopper,  is  now  employed  for  the  purpose 
of  determining  the  eiact  standard  of  the 
various  assays.  This  pipette  is  so  marked 
by  a  line  drawn  on  its  surface  as  to  allow 
the  operator  to  exactly  measure  out  one 
cubic  centimetre  of  the  Hquid  which  it  con- 
tains. To  do  this,  the  point  of  the  fore- 
finger is  apphed  to  the  u{^)er  extremity  of 
the  tube,  which,  whilst  thus  dosed,  is  removed  from  the  bottle, 
and  is  allowed  to  drop,  by  the  careful  admission  of  air,  until  the 
liquid  has  fallen  to  the  level  of  the  line  marked  on  its  surface. 
The  opening  is  now  dosely  stopped,  and  the  cubic  centimetre  of 
fluid  transferred  to  the  first  bottle  of  the  series,  into  which  it  is 
permitted  to  flow  on  removing  the  finger  from  the  upper  extremity 
of  the  pipette. 

The  same  quantity  of  solution  is  afterwards  successively  added 
to  each  of  the  other  assays.  The  assayer  now  examines  each  of 
the  bottles  in  succession,  and  makes  a  mark  with  a  piece  of  chalk 
on  the  black  table  before  those  in  whidi  a  predpi&te  has  taken 
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place.  These  are  a  second  time  transferred  to  the  shakiiig 
apparatus,  in  which  they  are  briakly  agitated  until  the  liquors 
have  again  hecome  dear,  when  they  are  taken  back  to  i^ieir 
respective  places  on  the  black  table,  and  another  cubic  centimetre 
of  the  decimal  solution  is  added  to  each  in  which  a  precipitate  wai$ 
obtained  by  the  last  operation.  By  degrees  the  several  botties  in 
which  no  precipitate  has  taken  place  are  thus  eliminated,  and  on 
counting  the  number  of  marks  placed  before  them,  the  number  of 
cubic  centimetres  of  the  decimal  solution  which  have  been  added 
to  each  assay  is  readily  ascertained.  From  this  number  must  be 
deducted  half  a  centimetre  to  allow  for  the  loss  on  the  last  addi- 
tion ;  a  portion  of  which  only  may  be  supposed  to  have  suffered 
decomposition. 

The  normal  solution  of  chloride  of  sodium  employed  in  thii^ 
operation  is  prepared  at  15**  C,  but  as  this,  in  common  with  all 
other  liquids,  expands  and  contracts  in  accordance  with  the  tem- 
perature to  whi(di  it  is  exposed,  it  becomes  necessary  to  construct 
a  table  of  corrections  to  be  employed  in  all  cases  when  the  liquor 
is  used  at  any  temperature  either  above  or  below  this  point.  For 
this  purpose,  the  thermometer  contained  in  the  tube,  d  e,  must  be 
consulted,  and  the  correction  read  off  from  tables  prepared  for 
that  purpose ;  but  in  most  instances  it  b  preferred  to  make  use  of 
the  following  method,  by  which  any  error  arising  from  the  care- 
less preparation  of  the  normal  solution  is  at  the  same  time  fii\kj 
guarded  against.  With  this  view  the  assayer  makes  each  morn- 
ing an  experiment  on  1  grm.  of  pure  silver,  at  the  same  time 
that  he  is  conducting  his  regular  assays  of  the  usual  alloys,  and 
from  the  result  obtained  by  this  check  he  is  enabled  to  correct 
for  any  little  irregularity  m  the  constitution  of  the  solution 
employed. 

The  standard  solution  of  chloride  of  sodium  is  made  from  com- 
mon salt,  without  any  preliminary  purification,  and  is  usually 
prepared  in  considerable  quantities  at  a  time.  For  this  purpose 
500  grammes  of  common' salt  are  dissolved  in  four  litres  of  water. 
The  liquor  is  now  filtered,  and  the  amount  of  water  that  would  be 
necessaiy  to  make  a  normal  solution  in,  supponng  the  chloride 
pure,  is  added.  By  this  means,  a  solution  roughly  approximatang 
onlv  to  the  composition  of  the  normal  liquor  is  obtsuned,  and  of 
which  the  exact  standard  must  be  ascertained  by  adding  a  deci- 
litre to  a  solution  of  one  gramme  of  pure  silver  in  nitric  acid. 
The  liquor  is  clarified  by  agitation,  and  by  the  addition  of  succes- 
sive centimetres  of  the  decimal  solution  either  of  silver  or  chloride 
of  sodium,  the  exact  amount  of  firee  nlver  or  chloride,  as  the  case 
may  be,  remaining  after  the  addition  of  the  decilitre  of  normal 
solution,  is  accurately  ascertained. 
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When  this  Ib  known  it  becomes  easy  to  calculate  the  quantity 
of  water  or  chloride  which  must  be  added  in  order  to  arrive  at  the 
correct  standard ;  and  when  this  has  been  added,  other  experiments 
of  a  similar  description  are  made  until  satis&ctory  results  are  at 
length  obtained.  The  decimal  chloride  solution  is  readily  prepared 
by  pouring  a  cubic  decilitre  of  the  normal  solution  into  a  botble  of 
the  exact  capacity  of  a  litre,  and  afterwards  filling  it  up  with  pure 
distilled  water. 

To  prepare  the  decimal  solution  of  silver,  one  grain  of  pure 
silver  is  dissolved  in  nitric  acid,  to  which  distilled  water  is  alter- 
wards  added  until  an  exact  litre  of  the  Hquid  is  obtained. 

When  the  alloy  operated  on  contains  either  mercury  or  lead,  the 
results  obtained  by  the  humid  assay  are  no  longer  exact,  as  these 
metals  being  precipitated  at  the  same  time  as  the  silver,  decompose 
a  portion  of  the  normal  solution  by  which  the  experiment  becomes 
vitiated.  The  presence  of  mercury  in  the  alloy  examined  is  readily 
detected  by  the  difficulty  which  is  then  experienced  in  obtaining  a 
transparent  liquor  by  agitation,  and  when  this  is  observed  the 
expenment  must  be  discarded  as  unworthy  of  credit.  The  assay 
of  alloys  containing  mercury  may,  however,  be  made  by  the 
humid  process,  if  a  solution  of  acebate  of  soda  be  added  to  the 
nitric  acid  liquor  containing  the  silver  previously  to  the  introduc- 
tion of  the  normal  solution,  as  this  reagent  has  the  property  of 
preventing  the  formation  of  the  mercurial  chloride. 

MBTAI.LVBGY  OF  BILVIB. 

Argentiferous  galenas  are  first  treated  for  lead,  and  this  metal 
is  subsequently  freed  from  silver  by  the  method  described,  page 
502.  When  silver  is  associated  with  copper  ores,  these  are  in 
like  manner  treated  for  the  copper  they  contain.  The  crude 
metal  produced  is,  however,  subsequently  fused  with  the  addi- 
tion of  a  large  quantity  of  lead,  which  is  afterwards  sweated 
out  by  a  peculiar  process,  and  subjected  to  cupeUation  in  the 
ordinary  way.  In  some  instances,  instead  of  fusing  the  crude 
copper  with  metallic  lead,  the  ores  are  mixed  with  galena,  and 
directly  treated  in  a  reverberatory  furnace,  by  which  process  a 
copper  matt  and  argentiferous  lead  are  procured. 

In  many  of  the  continental  establishments,  the  separation  of 
silver  from  copper  is  effected  by  the  amalgamation  of  the  last 
matts  obtained  during  the  metallurgic  treatment  of  the  latter 
metal.  The  ores  of  suver  which  contain  so  small  a  proportion  of 
other  metals  that  their  extraction  would  not  be  attended  with 
remunerative  results,'  are,  on  the  contrary,  directly  subjected  to 
treatment  by  metallic  mercury. 
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The  amalgunation  of  silver  ores  may  be  performed  by  two  dis- 
tinct processes.  The  first,  which  is  that  employed  at  Freybog, 
in  Saxony,  has  been  muversally  adopted  in  all  European  establish- 
ments. The  second,  known  by  the  name  of  the  Mexican  process, 
IB  exclusively  employed  for  the  extraction  of  the  silver  obtained 
from  the  various  mines  of  the  New  World,  and  chiefly  differs  from 
the  European  process  by  being  conducted  without  the  aid  of  any 
kind  of  friel,  which  in  many  of  the  foreign  mining  districts  is 
extremely  scarce  and  expensive. 

EITBOPSAl?  PBOCE88  OF  AMALOAKATIOK. 

The  amalgamation  of  silver  ores  is  perhaps  more  systematicaJly 
and  economically  conducted  at  Halsbriicke,  in  the  vicinity  of  Frey- 
berg,  than  in  any  other  Eturopean  locality.  The  usual  constitaents 
of  the  ores  there  treated  are  sulphur,  antimony,  arsenic,  silver, 
copper,  lead,  iron,  and  zinc,  which  are  more  or  less  mixed  with 
various  earthy  minerals,  besides  sometimes  containing  small  quan- 
tities of  bismuth,  gold,  nickel,  and  cobalt.  In  the  selection  of 
these  ores,  they  are  so  assorted  as  not  to  contain  above  4  per  cent, 
of  lead,  or  1  per  cent,  of  copper,  as  from  combining  with  the 
mercury  added,  these  metals  give  to  the  amalgam  a  {wsty  consis- 
tency, and  thereby  render  the  treatment  extremely  difficult  and 
expensive. 

The  different  ores  selected  for  amalgamation  vary  in  richness 
from  15  to  200  ozs.  per  ton.  Formerly  the  mixtures  of  theae 
ores  were  so  arranged  that  the  charges  of  the  furnaces  should 
always  contain  from  75  to  80  ozs.  per  ton.  It  is,  however,  now 
usual  to  work  the  poor  and  rich  ores  separately,  since  it  is  found 
that  the  total  loss  of  silver  in  the  residues  is  thereby  considerably 
diminished. 

The  mixtures  of  the  poorer  ores  afford,  on  an  average,  from  90 
to  40  ozs.  per  ton ;  whilst  the  amount  of  silver  in  &08e  of  the 
richer  ores  varies  from  90  to  130  ozs.  per  ton.  It  is  essential  that 
both  mixtures  should  contain  a  certain  proportion  of  sulphide  (^ 
iron,  for  the  formation  of  the  sulphate  of  iron,  which  is  necessary 
to  the  success  of  the  roasting  process.  The  quantity  of  sulphide 
of  iron  present  should  not  be  less  than  about  25  per  cent.  If  the 
amount  of  iron  pyrites,  naturally  occurring  in  the  ores,  is  not  equal 
to  this  proportion,  addition  is  made  either  of  that  mineral  or  of 
ready  formed  sulphate  of  iron.  Frequently,  however,  the  ores  at 
Freyber^  contain  much  more  pyrites  than  is  required,  and  in  such 
cases  it  is  advantageous  to  subject  a  few  of  the  most  sulphurous 
to  a  previous  roasting  without  salt,  in  order  to  reduce  the  average 
amount  in  the  whole  to  the  right  proportion. 
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The  ore  when  prepared  is  laid  on  a  large  floor,  40  feet  in  length 
and  12  in  width,  and  on  the  top  of  it  is  thrown  abont  10  per 
cent,  of  common  salt,  which  is  let  drop  from  an  upper  room, 
through  spouts  placed  in  the  floor  for  that  purpose.  The  heap, 
when  it  has  been  thus  made  up  of  alternate  strata  of  ore  and  com- 
mon salt,  is  well  mixed  by  being  careMly  turned  over  with  a 
shovel,  and  then  passed  through  a  coarse  sieve.  It  is  subsequently 
divided  into  smaU  parcels,  caUed  roast-poita,  each  weighing  from 

a  to  5  cwts.    The  salt  annually  employed  for  this  purpose  at 
9  Halsbriicke  works  amounts  to  500  tons,  and  is  supplied  by 
the  Prussian  salt  mines. 

The  mixture  of  ore  and  salt  is  now  roasted  in  reverberatory 
furnaces,  provided  with  fume  flues,  for  the  reception  of  the  pul- 
verulent matters,  mechanically  taken  over  by  the  draught. 

The  prepared  charge  is  spread  on  the  bottom  o^  the  hearth, 
where  it  is  at  first  gently  heated,  for  the  purpose  of  expelling  the 
moisture,  which  to  a  greater  or  less  extent  it  invariably  contains. 
During  tiie  process  of  drying,  which  usually  occupies  from  20  to 
dO  minutes,  the  charge  is  kept  constantly  stirred  by  a  long  iron 
rake.  The  lumps,  which  are  formed  in  this  operation,  are  then 
broken  down  by  means  of  an  iron  beater  (klopfhammer),  pro- 
vided with  a  long  iron  handle.  The  heat  is  afterwards  raised, 
white  fumes  are  given  off,  and,  in  about  2  hours  from  the  com- 
mencement, the  whole  mass  has  become  red-hot.  The  charge  is 
occasionally  turned  so  that  every  particle  of  ore  may  be  equally 
exposed  to  the  fire ;  and,  during  the  whole  time,  the  mass  must 
be  diligently  stirred  with  the  rake.  The  fire  is  now  left  to  bum 
down,  and  the  combustion  of  the  sulphur  aided  by  constant 
stirring.  This  must  go  on  without  intermission  until  the  mass 
has  become  quite  dark,  and  a  sample  taken  from  the  furnace  no 
longer  evolves  any  odour  of  sulphurous  acid.  During  this  period, 
the  ore  increases  in  volume,  and  the  particles  hang  so  loosely 
together,  that  the  movement  of  the  cake  is  scarcely  at  aQ  impeded. 
The  heat  is  again  raised  for  about  three-quarters  of  an  hour ;  the 
sulphate  of  iron,  formed  in  the  combustion  of  the  pyrites,  reacts 
on  the  common  salt,  and  causes  the  evolution  of  chlorine  and 
hydrochloric  acid  gases,  which,  comine  in  contact  with  the  sulphide 
of  silver,  quickly  convert  it  into  chloride.  The  chlorides  of  the 
other  metals  present  are  at  the  same  time  formed,  together  with 
sulphate  of  soda.  When  the  roasting  is  ierminated,  the  charge 
is  raked  from  the  furnace  into  an  iron  barrow,  and  thence  removed 
to  an  adjoining  floor.  The  ore  is  afberwards  raised  to  an  upper 
story  for  the  purpose  of  being  passed  through  a  set  of  sieves,  by 
which  the  finer  powder  is  separated  from  the  agglutinated  lumps. 
These  are  broken  down  to  a  proper  size,  and  a  part  re-roasted  by 
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adding  a  small  quantity  to  each  of  the  ordinary  charges.  The 
remainder  is  mixed  with  2  or  3  per  cent,  of  salt,  and  calcined  in 
the  usual  way.  The  finer  particles,  which  pass  through  the  sieves, 
are,  on  the  contrary,  taken  to  a  pair  of  heavy  millstones  where 
they  are  reduced  to  the  state  of  an  impalpable  powder. 

Afber  the  roasting,  the  ore,  besides  various  earthy  salts,  con- 
sists chiefly  of  oxide  of  iron,  basic,  sulphate  of  iron,  the  proto- 
chloride,  and  perchlorides  of  iron  and  copper,  and  portions  of  oxide 
and  sulphate  of  copper,  sulphate  of  lead,  oxide  of  antimony,  and 
zinc,  and  a  small  quantity  of  metallic  sulphides,  in  addition  to 
sulphate  of  soda,  and  the  excess  of  common  salt  employed.  The 
compounds  of  silver,  originally  present  in  the  mineral,  are  found 
to  be  converted  into  chloride,  with  the  exception  of  a  trace  of 
metalHc  silver,  and  perhaps  also  of  a  minute  quanti^  of  sulphide 
and  oxide  of  silver,  which  remain  in  the  residues.  The  chai^  in 
roasting  suffers  a  considerable  diminution  in  weight,  amounting 
in  ^neral  to  about  10  per  cent. 

This  loss  is  due  to  the  escape  of  sulphur,  chlorine,  particles  of 
salt,  zinc,  antimony,  arsenic,  and  chloride  of  iron. 

The  amalgamation  of  the  prepared  ores  is  performed  in  20 
wooden  casks,  arranged  in  4  rows,  and  each  turning  on  cast-iron 
axles,  secured  to  the  ends  by  means  of  bolts.     These  barrels, 

which  are  internally  2  feet  8  inches 
in  length,  2  feet  8  inches  in  diameter 
at  the  ends,  and  2  feet  10  inches 
at  the  middle  or  bulge,  are  made 
of  pine  wood,  3|  inches  in  thick- 
ness, and  are  strengthened  by  iron 
hoops  and  binders,  ^g,  210.  On 
one  of  the  ends  of  each  tun  is  placed 
a  toothed  wheel,  to,  figs.  211  and 
212,  communicating  with  a  shaft 
which  receives  its  motion  directiy 
from  a  water-wheel. 

Above  each  of  the  tuns  so  ar- 
ranged is  placed  a  wooden  case,  c, 
into  which  is  thrown  the  prepared 
mineral.  To  the  bottom  of  this 
case  is  fixed  a  wooden  spout,  to  which  is  attached  a  hose  made 
of  strong  doth,  and  terminated  by  a  short  cylinder  of  tin-plate, 
for  the  purpose  of  introducing  the  powdered  ore  into  the  difiPerent 
barrrels,  B.  Each  cask  is  fiirnished  with  a  circular  opening,  a,  5 
inches  in  diameter,  fitted  with  a  wooden  plug,  through  which  has 
been  bored  a  small  hole,  provided  with  a  pin  made  of  hard 
wood  for  the  purpose  of  running  off  the  argentiferous  mercuiy 
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at  the  termination  of  the  process.  Below  the  tuns,  and  a  little 
above  the  siur&oe  of  the  floor,  are  placed  triangiikr  troughs 
destined  to  receive  the  residual  matters  at  the  termination  of  the 
operation.  At  the  commencement  of  the  operation  3  cwts.  of  water 
are  run  into  each  bar- 
rel, after  which  lOcwts. 
of  the  finely  ground 
and  sifted  ore  are 
introduced  through 
the  hose,  b.  Each 
cask  should  contain 
from  SOtolOOlbs.  of 
wrought  iron,  cut  into 
fragments  of  about  an 
inch  square,  and  |  of 
an  inch  in  thickness, 
and  which,  in  propor- 
tion as  they  become 
dissolved  by  the  action 
of  the  substance  with 
which  they  are  associ- 
ated, are  replaced  by 
fresh  pieces. 

As  soon  as  the  bar- 
rels are  charged,  and 
the  plugs  firmly  se- 
cured in  their  places 
by  binding  screws,  the 
apparatus  is  thrown 
into  gear  by  means  of 
a  screw  and  sliding 
block,  fig.  210,  and 
made  to  rotate  with 
a  rapidity  of  from  12 
to  16  revolutions  per 
minute. 

At  the  expiration  of 
2  hours  the  machinery 
is  agam  stopped,  for 
the  purpose  of  examining  the  state  of  the  metalliferous  paste 
which  they  contain.  K  the  charge  is  too  firm,  a  little  water  is 
added,  but  if,  on  the  contrary,  it  is  found  to  be  too  soft,  a  small 
quantity  of  ore  is  thrown  in.  When  this  has  been  attended  to,  5 
cwts.  of  mercury  are  poured  into  each  cask,  and  the  tuns  after 
being  securely  closed  are  again  thrown  into  gear,  and  kept  con- 
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stantlj  revolying  for  about  16  hours,  at  the  unifona  rate  of  13 
turns  per  minute.  During  the  first  8  hours  of  this  period  thej 
are  twice  examined  for  the  purpose  of  seeing  whether  the  paste 
which  they  contain  be  of  the  proper  consistence,  for  if  it  be  too 
thick  the  mercury  becomes  too  finely  divided,  and,  if  too  tiiin,  it 
remains  at  the  bottom  of  the  cask,  and  is  not  sufficiently  mixed 
with  the  different  constituents  of  the  chaige.  In  the  first  case, 
it  is  necessary  to  add  a  small  quantity  of  water ;  and  in  the  second, 
a  little  powdered  ore.  After  the  introduction  of  the  mercury  the 
temperature  of  the  casks  becomes  consideraUy  raised  by  tiie 
chemical  changes  constantly  going  on  within,  so  that  even  in 
winter  it  sometimes  stands  as  high  as  104**  Fahr.  At  the  expira- 
tion of  18  hours  the  amalgamation  is  ordinarily  complete,  and  the 
tuns  are  now  entirely  filled  with  water,  and  again  made  to  turn 
during  fixim  1^  to  2  hours  with  a  velocil^  of  only  6  or  8  revolu- 
tions per  minute.  The  mercury  is  by  this  means  separated  from 
the  shmy  matters  with  which  it  was  mixed,  and  collects  in  one 
mass  at  the  bottom  of  the  tuns.  When  this  union  of  the  globules 
of  mercury  has  been  accomplished,  the  different  casks  are  suc- 
cessively thrown  out  of  gear  and  stopped  with  the  apertures 
uppermost.  The  small  peg  in  the  bung  is  now  removed,  and  in 
ite  place  is  inserted  a  hollow  plug,  to  which  is  attached  a  small 
leathern  hose  with  screw  and  clasp  for  choking  it  when  required. 
The  cask  is  then  turned  round  so  that  the  plug,  a,  shall  be 
immediately  over  the  spout,  o.  The  hose  being  put  into  the  iron 
tube,  Pf  the  mercury  is  allowed  to  run  off  into  the  gutter,  v,  by 
which  it  is  conducted  to  a  receiver  prepared  for  that  purpose. 
The  workman  closely  watches  this  period  of  the  operation,  and  the 
moment  any  of  the  earthy  matters  begin  to  flow  from  the  orifice 
it  is  again  tightly  closed.  The  casks  are  now  turned  with  their 
apertures,  a,  upwards,  the  small  hose-plug  is  removed,  and  the 
bung  loosened  by  a  few  taps  with  a  miJlet. 

Ijie  casks  are  again  turned  downwards,  the  bung  is  withdrawn, 
and  the  muddy  residuum  discharged  into  the  trough  situated  im- 
mediately under  them,  from  which  it  flows  into  large  washing 
vats  placed  on  the  ground  floor  below  the  barrels. 

In  14  days  180  tons  of  mineral  are  treated  in  this  establishment, 
every  five  tons  of  which  require  an  expenditure  of  15  lbs.  of  metallic 
iron,  and  2  lbs.  12f  otmces  of  mercury,  so  that  every  pound  of 
metallic  silver  produced  is  obtained  at  an  expense  of  095  of  an 
ounce  of  mercury. 

During  the  first  2  hours  that  the  casks  are  set  in  motion, 
and  before  the  introduction  of  the  mercury,  the  perchlorides  con- 
tained in  the  ore  are  reduced  to  the  state  of  protochloride,  the 
saline  matters  are  dissolved  by  the  water  present,  and  the  par- 
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tides  of  chloride  of  silver  thereby  exposed.  If,  instead  of  this,  the 
mercury  were  immediately  introduced  into  the  casks  it  would,  by 
reacting  on  the  sesquichloride  of  iron,  Ac.,  become  partially  con- 
verted into  calomel,  which,  not  being  again  reduced  during  the 
subsequent  stages  of  the  operation,  would  be  productive  of  a  con- 
siderable loss  of  this  valuable  metal. 

This  inconvenience  is,  however,  avoided  by  the  action  of  the 
metallic  iron,  as  the  protochloride  thus  formed  is  without  action 
on  metallic  mercury. 

The  chloride  of  sUver  contained  in  the  roasted  oie  is  decomposed 
by  agitation  with  the  metallic  iron  and  quicksilver,  the  chlorine 
of  which  combines  with  the  iron  in  the  form  of  protochloride  of 
iron,  whilst  the  silver  is  dissolved  in  the  fluid  mercury.  It  is 
probable  that  this  action  is  galvanic,  and  if  so,  the  saline  solution 
present  is  important  as  a  medium  for  the  transmission  of  the 
electric  currents.  The  chlorides  of  lead  and  copper  which  may 
be  present  are  also  reduced  at  the  same  time  as  the  chloride  of 
silver,  and  enter  into  the  composition  of  the  amalgam  produced. 

The  slimes  conducted  to  the  washing  vats  before  mentioned 
are  mixed  with  an  additional  quantity  of  water,  and  kept  con- 
stantly stirred  by  rods  attached  to  arms  of  iron  and  fixed  to  an 
upright  shaft  in  the  centre  of  each  vat,  and  turned  by  a  small 
water-wheel.  These  vats  are  ftimished  with  openings  at  various 
distances  £rom  the  bottom,  by  which  the  muddy  water  is  succes- 
sively drawn  off  into  tanks,  where  the  solid  matters  are  allowed 
to  settle.  These,  if  they  should  contain  as  much  as  44  ounces  of 
silver  to  the  ton,  are  removed  to  a  drying  floor,  and  subsequently 
re-roasted  with  15  or  16  per  cent,  of  iron  pyrites,  and  5  or  6  per 
cent,  of  salt.  The  calcined  residues  are  afterwards  sifted  in  the 
usual  way,  and  then,  without  being  ground,  are  subjected  to 
amalgamation  in  the  barrels  for  a  somewhat  shorter  period  than 
is  customary  in  the  case  of  ordinary  ores. 

The  quicksilver  coUected  in  the  bottom  of  the  washing  vats  is 
drawn  off  every  five  or  six  weeks,  and,  from  the  large  proportion 
of  impurities  it  contains,  is  treated  apart  from  the  ordinary  amal- 
gam obtained  by  tapping  directly  from  the  barrels.  The  mer- 
cury and  amalgam  removed  frY>m  the  casks  are  afterwards  filtered 
through  dose  canvas  bags,  by  which  the  liquid  quicksilver  is 
separated  from  the  pasty  amalgam,  which  is  retained  by  the  dose- 
ness  of  the  web,  wlulst  the  mercury  passes  through  into  reservoirs 
prepared  for  that  purpose.  The  amalgam  which  is  retained  in  the 
bags  consists  of  a  mixture  of  six  parts  of  mercury  and  one  part  of 
an  alloy,  composed  of  about  80  per  cent,  of  silver,  and  20  of  a 
mixture  of  copper,  antimony,  zinc,  lead,  and  some  other  metals. 
The  amalgam  is  subsequently  heated  in  iron  retorts  placed  in 
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suitable  furnaces,  and  the  mercury  separated  by  distinction  firom 
the  non-volatile  constituents  which  are  obtained  in  the  solid  form. 
The  employment  of  retorts  has  almost  entirely  superseded  the 
iron  belk  formerly  used  at  Freyberg  for  this  purpose.  It  is,  how- 
ever, necessary  that  the  condensing  tube  of  the  retort  be  some- 
what large,  and  of  such  length  that  the  vapours  of  mercury  may 
be  liquefied  without  the  aid  of  water,  otherwise  explosions  will  be 
liable  to  take  place.  Three  retorts  are  at  present  employed,  and 
into  each  is  placed  450  lbs.  of  amalgam  on  iron  dishes,  which 
yield  about  70  lbs.  of  teller  silver.  The  time  required  to  complete 
the  distillation  is  generally  about  10  hours.  The  silver  thus  ob- 
tained is  usually  alloyed  with  about  20  per  cent,  of  various  other 
metals  which,  with  the  exception  of  a  certain  proportion  of  oopper, 
are  removed  by  a  process  of  refining  in  a  laige  iron  crucible,  and 
conducted  in  the  foUowing  way : — 

The  crucible  being  placed  in  the  furnace  and  made  red-hot,  the 
lumps  of  silver  alloy  are  successively  introduced  and  brought  to  a 
state  of  fusion.  Powdered  charcoal  is  then  thrown  on  the  fused 
metal,  and  the  crucible  covered  temporarily  with  a  thin  plate  of 
iron.  This,  after  the  lapse  of  a  few  minutes,  is  again  removed, 
and  the  impurities  which  have  risen  to  the  surface  are,  together 
with  the  unconsumed  charcoal,  skimmed  off  by  means  of  aperforated 
ladle.  More  charcoal  is  placed  on  the  fluid  metal,  and  the  scum 
subsequently  removed  as  before.  These  operations  are  repeated, 
with  occasional  stirring  of  the  metallic  bath,  until  the  metal  has 
become  perfectiy  cleaned.  The  process  generally  occupies  finom  6 
to  8  hours,  and  when  completed  the  metal  should  be  malleable 
and  dissolve  completely  in  nitric  add,  to  which  solution  the  addi- 
tion of  an  excess  of  ammonia  should  impart  a  clear  blue  colour 
only.  The  silver  is  now  cast  into  ingots  of  a  hemispherical  shape, 
and  in  this  state  is  sent  to  the  Saxon  mint.  The  dust  obtained 
from  the  fume  flues  is  from  time  to  time  removed,  and,  after  having 
been  sifted,  is  mixed  with  and  treated  as  ordinary  ore.  The  slags, 
sweepings,  <&c.  &c.,  from  the  melting  operations  are  crushed  and 
afterwards  fiised  with  carbonate  of  potash  and  nitre,  by  which 
means  the  silver  which  they  contain  is  obtained  in  the  form  of  a 
metallic  button.  The  supernatant  liquor  run  off  firom  the  tanks 
in  which  the  schlich  is  allowed  to  settle,  chiefly  consists  of  solu- 
tion of  sulphate  of  soda  and  common  salt,  together  with  small 
quantities  of  sulphate  of  iron  and  various  other  soluble  salts. 

awig«iart#M  «f  Cfggr  Halts  at  wia—fciA  —In  the  copper 
works  of  Mansfeld,  the  silver  is  extracted  from  the  last  matts  by 
a  process  of  amalgamation  in  many  respects  extremely  similar  to 
that  employed  at  Freyberg  for  the  <£rect  treatment  of  argentiferous 
ores.    The  matt  operated  on  is  first  stamped  and  sifted,  and  after- 
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wards  reduced  between  two  granite  miUstonee  to  the  state  of  a 
powder.  This  fine  powder,  after  being  slightly  wetted  with  water, 
is  roasted  in  a  reverberatorj  frnnace,  with  two  soles  placed  one 
above  the  other,  and  provided  with  condensation  chambers,  for  the 
purpose  of  retaining  the  fumes  and  finely  divided  ore  which  may 
be  carried  over  mechanically  by  the  draught.  The  matt  to  be  roasted 
is  first  heated  very  gently  on  the  upper  hearth  of  the  furnace, 
whilst  the  calcination  of  a  preceding  chai^  is  being  completed  on 
the  lower  sole,  which,  from  being  the  nearest  to  the  fire,  is  the 
most  strongly  heated.  Each  charge  of  powdered  matt  usually 
weighs  4  ewfcs.,  and  is  evenly  spread  over  the  surface  of  the  floor, 
and  kept  constantly  agitated  by  an  iron  rake,  with  a  view  of  ex- 
posing fresh  surfaces  to  the  oxidising  influence  of  the  air.  At 
the  expiration  of  3  hours  this  roasting  is  sufficiently  advanced, 
and  the  ore  is  then  raked  out  through  a  door  in  the  side  of  the 
furnace,  into  a  bin,  where  it  is  allowed  to  cool.  The  ore  thus 
prepared  is  now  mixed  with  10  per  cent,  of  common  salf ,  and  the 
same  weight  of  very  finely-powdered  carbonate  of  lime.  To  this 
mixture  water  is  added,  and  the  whole  worked  into  a  paste,  which 
is  subsequently  dried  in  properly  arranged  stoves.  The  dried 
mass  is  then  ground  in  a  mill  to  the  state  of  an  impalpable  pow- 
der, and  subjected  to  a  second  roasting  at  a  much  higher  tem- 
perature than  the  first,  on  the  lower  hearth  of  the  furnace.  The 
carbonate  of  lime  added  in  this  case  is  for  the  purpose  of  effecting 
the  decomposition  of  the  sulphates  of  iron  and  copper,  which 
would  otherwise  be  produced  in  such  large  quantities  as  to  give 
rise  to  considerable  loss  of  mercury  in  the  subsequent  amalgsuna- 
tion.  In  order  to  ascertain  if  the  roasting  is  sufficiently  advanced, 
the  workman  withdraws,  from  time  to  tmie,  a  small  sample  from 
the  furnace,  and  intimately  mixes  it,  in  a  wooden  bowl,  with  water, 
and  a  certain  proportion  of  mercury.  This  pasty  mixture  is  sub- 
sequently washed  in  a  larger  quantity  of  water,  by  which  the 
lignter  earthy  particles  are  removed,  whilst  the  heavier  amalgam 
is  collected  at  the  bottom,  and  from  the  aspect  of  this  he  is  enabled 
to  judge  whether  the  operation  be  prc^ressing  favourably  or  not. 
When  the  appearances  thus  observ^  are  not  satisfactory,  addition 
is  made  either  of  salt,  lime,  or  roasted  matt,  in  the  proportions 
which  may  be  judged  necessary. 

This  second  roasting  occupies  firom  one  and  a  half  to  two  hours, 
at  the  expiration  of  which  time  the  charge  is  withdrawn  frY>m  the 
furnace,  and  amalgamated  in  casks  similar  to  those  employed  for 
the  same  purpose  at  Freyberg.  Each  barrel  is  charged  with  5 
cwts.  of  roasted  ore,  75  gallons  of  warm  water,  and  80  lbs.  of 
BmaQ  scrap  iron.  The  tubs  are  now  made  to  turn  for  a  sufficient 
time  to  effect  the  decomposition  of  the  perchlorides,  and  3  cwts. 
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of  mercury  are  introduced.  The  apparatus  ib  now  kept  in  motion 
during  14  hours,  at  the  expiration  of  which  time  the  barrels  are 
filled  with  water,  and  kept  slowly  turning  for  about  two  hours,  to 
determine  the  separation  of  the  liquid  amalgam  from  the  earthy 
matters  with  which  it  is  mixed.  Tne  tubs  are  afterwards  emptied 
by  the  same  process  as  that  employed  at  Freyberg,  and  the  copper 
schlich  obtained  is  afterwards  mixed  with  15  per  cent,  of  plastic 
clay,  and  moulded  into  cakes,  which,  after  being  dried  at  a  gentle 
heat,  are  treated  in  a  small  blast  furnace  for  the  oopper  they 
contain. 

The  silver  remaining  in  the  distillatory  apparatus  after  the  ex- 
pulsion of  the  mercury,  is,  in  these  methods,  fused  in  large  black 
lead  crucibles,  which  are  filled  with  the  metal  to  within  two  inches 
of  the  brim,  and  briskly  ajritated  with  an  iron  rod,  whilst  the  sil- 
ver is  in  a  fused  state.  The  liquid  metal  soon  begins  to  give  off 
fumes,  and  throws  up  a  dark-coloured  scum,  which  is  skimmed  off, 
and  a  &esh  coating  of  charcoal  thrown  on  its  sur&ce.  The  cru- 
cible is  afterwards  covered,  and  again  briskly  heated ;  any  fresh 
slag  which  may  have  been  thrown  up  is  skimmed  off,  and  the 
operation  is  repeated  as  long  as  any  slag  continues  to  be  formed. 
The  silver,  which  is  still  contaminated  by  from  15  to  18  per  cent, 
of  copper,  is  now  cast  into  ingots,  which  are  afterwards  refined 
by  a  process  of  cupellation. 

MEXICAN  METHOD  OF  AMALGAMATIOy. 

The  ores  obtained  firom  the  mines  of  Mexico  and  Chili,  which 
are  situated  on  the  western  slope  of  the  Cordilleras,  chiefly  consist 
of  native  silver,  natural  amalgams,  antimonial  silver,  and  the  com- 
potmds  of  that  metal  with  arsenic,  chlorine,  bromine,  and  iodine, 
in  these  localities  the  metal  is  generally  so  widely  disseminated 
in  the  rock,  as  to  be  but  seldom  visible  before  the  ores  have  been 
subjected  to  mechanical  preparation^  On  being  brought  to  the 
sur&ce,  they  are  first  broken  into  pieces  by  men  and  women,  who 
select  the  richer  fragments,  and  reject  those  in  which  there  appears 
to  be  no  metallic  particles.  The  more  productive  portions,  which 
are  divided  into  three  classes,  in  accordance  with  their  iqyparent 
richness,  are  pounded  by  stamping  mills,  morterca,  until  they  are 
broken  down  to  the  state  of  fine  sand.  T\db  not  b^ng  sufficiently 
divided  for  the  purpose  of  amalgamation,  is  afterwards  ground 
with  water  in  crushing  mills,  arrastraa,  until  it  is  reduced  to  the 
state  of  an  impalpable  paste. 

These  mills  consist  of  a  circular  bed-stone  of  hard  granite,  sur- 
rounded by  a  wooden  tub,  in  the  centre  of  which  is  supported  a 
vertical  shaft,  which  carries  the  mullers  by  which  the  grinding  is 
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effected,  and  is  supported  at  its  npper  extremity  by  a  horizontal 
.  beam,  to  which  the  upper  pivot  is  attached.  This  vertical  axis  is 
traversed  by  two  horizontal  arms,  by  which  the  mullers  are  sup- 
ported ;  and  to  the  extremity  of  one  of  them,  which  is  left  longer 
for  that  purpose,  are  attached  the  two  mules  by  which  the  macMne 
is  set  in  motion  when  water  power  is  not  to  be  obtained.  This 
grinding  of  the  ore  is  genially  performed  in  a  large  shed  or 
hacienda,  in  which  numerous  arrasbras  are  at  work  at  the  same 
time. 

In  place  of  this  apparatus,  a  mill  of  very  primitive  construction 
is  frequently  employ^  for  grinding  silver  ores.  The  arrangement 
of  this  machine  is  of  the  most  simple  description.  A  situation  is 
chosen  where  a  small  stream  of  water  can  he  procured,  and  a  ML 
of  some  eiffht  or  ten  feet  be  obtained:  here  a  circular  well  is  con- 
structed of  the  whole  depth  of  the  £b11  of  water,  and  about  six  feet 
in  diameter.  In  its  centre  is  supported  a  perpendicular  wooden 
shaft,  turning  at  its  lower  extremity  on  a  bearing  let  into  a  large 
block  of  stone,  and  secured  at  the  other  end  by  a  circular  wooden 
collar.  This  shaft,  at  a  short  distance  above  its  lower  bearing, 
-paaees  through  a  rudely-constructed  wooden  Wheel,  around  the 
circumference  of  which  are  arranged  several  spoon-shaped  float- 
boards,  making  altogether  a  wheel  of  about  four  feet  in  diameter. 
These  are  placed  in  a  somewhat  obHque  direction  around  the  peri- 
phery of  the  wheel,  and  are  set  in  motion  by  the  stream  of  water 
faUing  with  considerable  impetus  against  them.  The  upright  axis 
passing  through  the  centre  of  the  well  is  continued  about  six  feet 
above  its  sur&ce,  and  at  about  half  this  height  is  inserted  a  hori- 
zontal arm,  which  serves  as  a  spindle  for  a  large  granite  edge- 
runner,  which  is  made  to  revolve  in  an  annular  trough,  formed 
either  of  the  same  material  or  of  extremely  hard  wood.  The 
stamped  ore  which  is  placed  in  this  trough  is  gradually  bruised 
down  by  the  weight  of  the  heavy  stone  rolhng  on  its  edge  contin- 
ually over  it,  and  is  either  taken  out  and  sifted  in  the  dry  state, 
or  is  more  firequently  ground  into  an  impalpable  paste  with  water. 
lu  this  case  the  annular  trough  in  which  the  stone  revolves  is 
provided  with  a  small  aperture  at  a  certain  distance  firom  its 
edge,  and  from  this  the  finer  particles  of  ore  are  carried  off  in  sus- 
pension by  a  current  of  water  constantly  flowing  through  the 
apparatus.  The  fine  particles  of  ore  thus  carried  off  are  con- 
ducted through  a  series  of  pits,  where  they  are  allowed  to  settle, 
and  frt)m  whence  they  are  subsequently  removed  for  the  purpose 
of  ant^lgamation. 

The  stamping  mills  first  used  for  the  crushing  of  the  ores  are 
constructed  with  equal  simplicity,  and  are  set  in  motion  by  a  small 
under-shot  wheel  &stened  to  the  extremity  of  the  wooden  «.T|fc 
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carryiiiff  the  cams  bj  which  the  iron  pesileB  are  set  in  motaon. 
Each  of  these  stamp-heads  or  pestles  nsuallj  weighs  about  2  cwts. 
and  &]ls  into  an  oblong  mortar,  somewhat  corresponding  in  shape, 
although  of  la^^r  dimensions.  After  haying  been  thus  reduced 
to  the  state  of  an  impalpable  powder,  the  ground  ore,  or  lamOy  is 
carried  to  the  amalgamation-floor,  or  path^  which  is  a  large  en- 
closure surroimded  by  high  walls,  and  closely  paved  with  large 
blocks  of  granite.  The  mineral  is  here  spread  on  the  ground  in 
the  form  of  large  circular  patches  called  tortaSj  varying  tnan 
30  to  50  feet  in  diameter,  and  seldom  exceeding  1  foot  in 
thickness. 

At  Zacatecas  each  torta  contains  60  tons  of  mineral,  and  is  sur- 
rounded by  a  rough  enclosure  of  boards,  propped  in  th^  places 
with  large  stones,  and  secured  at  the  joints  by  a  lute  composed  of 
a  mixture  of  clay  and  horse-dung,  to  prevent  the  esci^  of  the 
lama.  In  the  centre  of  the  heap  of  ore  so  arranged  is  thrown  a 
quantity  of  scHtkrra,  salt  mixed  with  various  eiffthy  impurities. 
This  is  added  in  the  proportion  of  150  English  bushels  to  each 
torta,  and  is  intimately  mixed  with  the  lama,  first  by  means  of 
wooden  shovels,  and  afterwards  by  the  treading  oi  horses  or 
mules.  When  the  ore  and  salt  have  been  thus  mixed,  the  hei^ 
is  allowed  to  remain  lor  the  remainder  of  the  day  without  any 
fiirther  preparation ;  but  on  the  following  morning,  after  about 
one  hour's  treading  by  horses,  addition  is  made  of  from  ^  to  1  per 
cent,  of  roasted  copper  pyrites,  called  magiOral.  This  substance 
contains  from  8  to  10  per  cent,  of  sulphate  of  copper,  and  this 
appears  to  be  the  active  principle  through  which  it  aflfects  the 
necessary  chemical  changes  during  the  subsequent  working  of  the 
torta.  After  this  addition  of  magistral,  the  torta  is  again  trodden 
by  horses,  which  are  driven  by  a  man  who  holds  the  long  halter 
by  which  the  v  are  attached,  and  stands  at  the  centre  of  the  hea4> 
and  continually  urges  them  forward. 

When  the  magistral  and  ore  have  been  perfectly  incorporated,  a 
quantity  of  mercury  is  added  by  being  filtered  through  a  bag  made 
of  coarse  canvas,  which  causes  it  to  escape  in  innumerable  small 
jets  over  the  whole  surface  of  the  pile.  A  second  treading  of 
horses  now  follows,  after  which  the  heap  is  turned  by  wooden 
shovels,  and  its  ori^nal  form  again  restored.  This  alternate  turn- 
ing and  treading  by  horses  is  repeated  every  other  day,  until  the 
whole  of  the  mercury  added  is  found  by  an  assay  to  have  been 
taken  up  by  the  silver.  When  this  combination  is  found  to  have 
taken  place,  a  second  quantity  of  quicksilver  is  added,  and  the 
same  operations  again  repeated  until  this  also  has  been  taken  up, 
when  a  third  supply  is  generally  added :  after  the  due  incor- 
poration of  which,  the  ore  is  removed  to  the  washing  backs, 
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where  the  amalgam  is  separated  from  the  associated  earthy 
matters. 

In  order  to  ascertain  the  state  of  the  operation,  and  when  a 
sufficient  quantity  of  mercury  has  heen  added,  the  amalgamator 
from  time  to  time  makes  an  assay  hy  washing  a  small  portion  of 
the  mineral  from  .the  torta  in  a  wooden  howl  until  the  earthy 
impurities  have  heen  removed,  and  the  amalgam  alone  remains  in 
the  hottom  of  the  vessel.  From  the  appearance  of  this  he  is 
enahled  to  judge  of  the  progress  of  the  operation,  and  whether  it  he 
necessary  to  effect  the  decomposition  of  a  portion  of  the  magistral 
hy  the  addition  of  a  Httle  lime,  or  if,  on  the  contrary,  there  is  a 
deficiency  of  this  substance.  If  the  surface  of  the  amalgam  is 
of  a  greyish-white  colour,  and  the  mass  admits  of  being  readily 
moulded  by  the  pressure  of  the  finger,  it  is  a  proof  that  the  process 
is  &vourably  progressing.  When,  on  the  contrary,  the  mercury 
is  in  an  extremely  divided  state,  and  of  a  dark  colour,  with  occa- 
sional brown  spots,  it  indicates  the  presence  of  too  large  a  pro- 
portion of  magistral,  and  the  torta  is  said  to  be  too  hot.  If  in 
this  case  the  operation  were  allowed  to  proceed  without  any  altera- 
tion, large  quantities  of  mercury  would  be  lost,  and  it  is  therefore 
necessary  to  immediately  add  a  certain  portion  of  lime,  which 
decomposes  a  part  of  the  sulphate  and  chloride  of  copper  contained 
in  the  heap.  When,  on  the  other  hand,  the  mercury  is  found  to 
retain  its  fluidity,  it  is  considered  as  a  proof  that  the  torta  is  too 
cold,  and  an  additional  quantity  of  magistral  must  consequently 
be  added.  These  assays  are  fi^uently  repeated  for  the  purpose 
of  regulating  the  quantities  of  mercury  to  be  employed.  At 
Zacatecas,  where  the  average  richness  of  the  ore  varies  from  80 
to  85  ozs.  of  silver  to  the  ton,  the  first  addition  of  mercury  to  each 
torta  amounts  to  900  lbs. ;  the  second  to  800  lbs. ;  and  the  third 
to  420  lbs. :  making  a  total  of  1,620  lbs.  of  mercury  for  every  60 
tons  of  mineral  treated. 

The  duration  of  these  operations  varies  very  considerably  in 
accordance  with  the  nature  and  richness  of  the  ores  treated,  and 
the  more  or  less  skilful  management  of  the  process,  as  in  some 
establishments  the  whole  elaboration  of  a  torta  is  in  summer  com- 
pleted in  fifteen  days,  whilst  in  others  it  occupies  firom  six  weeks 
to  two  months. 

In  winter  the  various  reactions  are  found  to  proceed  less  rapidly, 
and  a  proportionately  longer  time  is  therefore  necessary  to  produce 
the  same  effects. 

The  washing-out  vat,  or  lavadero^  in  which  the  amalgam  is  sepa- 
rated from  the  various  sterile  matters  with  which  it  is  intermixed, 
consists  of  a  large  vertical  pug-tub,  sunk  into  the  ground,  and  in 
the  centre  of  which  is  a  w^en  shaft  furnished  with  several 
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agitators  arrano^ed  around  it  at  right  angles.  This  is  set  in  motion 
by  four  mules,  harnessed  to  a  stroftg  horizontal  arm  placed  a  little 
above  the  level  of  the  ground :  the  tub  is  now  filled  with  water, 
into  which  is  thrown  the  amalgamated  ore,  and  this  being  stirred 
about  by  the  vertical  agitator,  allows  the  particles  of  amalgam  to 
fall  to  the  bottom,  whilst  the  lighter  earthy  particles  are  carried 
off  by  a  small  stream  of  water,  which  constantly  flows  into  the 
apparatus  over  the  side  of  the  tub,  through  a  small  aperture  pre- 
pared for  that  purpose. 

The  amalgam  thus  obtained  is  afterwards  placed  in  a  strong 
leather  bag  with  a  canvas  bottom,  through  which  the  mercury 
percolates  in  a  finely  divided  stream,  whikt  the  pasty  amalgam 
remains  behind.  This  is  subsequently  pressed  in  order  to  firee  it 
from  a  further  portion  of  the  adhering  mercury,  and  is  then 
moulded  into  wedge-shaped  masses  of  about  80  lbs.  in  weight. 
To  expel  the  last  traces  of  quicksilver  these  are  laid  on  the  bol^om 
of  a  furnace  provided  with  an  iron  spout  passing  from  the  centre 
of  the  sole  into  a  receiver  containing  water  introduced  beneath  it. 
Around  the  upper  aperture  of  this  pipe  the  wedges  of  amalgam 
are  arranged  m  the  form  of  a  dome,  which  is  afterwards  covered 
by  an  iron  bell,  and  heated  by  a  cluureoal  fire  in  a  way  vety  similar 
to  that  employed  at  Freyberg,  and  in  other  European  establish- 
ments. The  sublimed  mercury  is  condensed  in  the  vessel  of 
water  placed  beneath  the  fiumace,  and  on  the  cooling  of  the 
arrangement  this  is  removed,  and  the  crude  silver  taken  away 
to  be  fused  into  bars.  By  this  system  of  amalgamation  every  part 
of  silver  obtained  involves  the  expenditure  of  13  parts  of  mercury, 
which  is  lost  during  the  process. 

In  this  process  the  sidphate  of  copper  of  the  magistral  and  the 
common  salt  mutually  decompose  each  other,  and  give  rise  to  the 
formation  of  chloride  of  copper  and  sulphate  of  soda.  The 
metallic  silver  present  in  its  turn  decomposes  the  chloride  of  cop- 
per, and  reduces  it  to  the  state  of  subchloride,  whilst  it  is  itself 
transformed  into  chloride  of  silver.  The  subchloride  of  copper  is 
now  dissolved  in  the  solution  of  chloride  of  sodiiun,  and  reacts  on 
the  sulphide  of  silver  with  the  formation  of  sidphate  of  copper 
and  chloride  of  silver.  The  chloride  of  silver  thus  formed  reacts 
on  the  metallic  mercury,  a  portion  of  which  is  converted  into  sub- 
chloride, whilst  the  remainder  combines  with  the  silver  thus 
liberated.  In  this  case,  as  well  as  in  the  process  employed  at 
Freyberg,  it  is  of  the  utmost  importance  that  no  free  chloride  of 
copper  should  be  present,  as,  by  giving  up  to  the  mercury  one  half 
of  its  chlorine,  a  considerable  loss  of  that  metal  is  produced. 
When  this  occurs,  lime  is  added  for  the  purpose  of  decom- 
posing the  excess  of  chloride  of  copper,  by  which  it  is  ren- 
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dered  neutral,  aad  its  prejudicial  action  on  the  morcurj 
airested. 

AU«7B  •€  surcgr. — On  account  of  its  softness,  siiyer  ia  seldom 
employed  in  a  pure  state,  but  is  commonlj  alloyed  with  a  certain 
amount  of  copper,  by  which  its  hardness  is  remarkably  increased. 
In  this  way  considerable  quantities  of  copper  may  be  added  with- 
out materially  diminishing  the  whiteness  of  the  original  metal, 
since  a  mixture  of  seven  parts  of  silver  and  one  of  copper  still 
retains  a  decided  white  colour,  although  of  a  less  pure  tint  than 
that  exhibited  by  virgin  silver.  In  oider  to  improve  the  colour  of 
objects  formed  of  alloyed  silver,  it  is  usual  to  subject  them  to  an 
operation  by  which  their  surfaces  are  rendered  almost  free  from 
the  presence  of  the  metal  so  combined.  For  this  purpose  the 
article  to  be  whitened  is  externally  oxidised  by  being  heated  nearly 
to  redness,  and  afterwards  plunged,  whilst  still  hot,  into  water 
acidulated  either  by  nitric  or  sulphuric  acid,  by  which  the  oxide 
of  copper  formed  is  immediately  removed.  The  object,  after  being 
thus  Ideated,  necessarily  presents  a  matted  surface  from  the  isohi- 
tion  of  the  particles  of  silver ;  but  this  appearance  is  readily  re- 
moved by  rubbing  with  a  burnisher. 

The  silver  used  in  the  preparation  of  coin,  and  for  the  manu- 
hcture  of  silver  plate,  consists  of  an  alloy  of  silver  and  copper  in 
different  propor^ons,  fixed  by  the  legislature  of  the  coimtry  in 
which  the  mixture  is  worked.  In  t\ak  country  the  same  alloy  is 
employed  both  for  the  purposes  of  the  Mint  and  the  uses  of  the 
silversmith :  it  is  composed  of  a  mixture  of  111  parts  of  silver 
and  9  of  copper,  and  is  known  by  the  name  of  standard  silver. 
To  prevent  fraud,  all  silver  vessels  are  required  to  be  stamped  by 
the  Goldsmiths'  Company,  who  are  empowered  by  Government  to 
search  all  silversmiths'  shops,  and  seize  all  articles  which  have  not 
been  impressed  with  the  Hall  mark  of  the  Company.  For  the 
assay  of  the  articles,  and  the  impression  of  the  Company's  stamp 
attesting  its  quality  as  standard  silver,  one  shilling  and  sixpence 
per  ounce  on  the  weight  of  the  object  is  chained.  Of  this  amount 
the  larger  proportion  is  paid  over  to  the  Government  in  the  form 
of  a  tax,  whilst  a  small  sum  is  retained  as  a  compensation  for  the 
trouble  incurred  in  making  the  assay.  In  France,  three  different 
standards  are  employed.  The  alloy  used  for  the  silver  currency  of 
the  coimtry  is  composed  of  9  parts  of  silver  and  1  of  copper ;  for 
plate,  a  mixture  of  9^  parts  of  silver  to  ^  a  part  of  copper  is 
employed,  whilst  for  small  articles  of  silver  used  for  ornaments  an 
alloy  of  8  parts  of  silver  to  2  of  copper  is  allowed. 

Silver  solder  consists  of  667  of  silver,  233  of  copper,  and  100 
parte  of  zinc.     Besides  being  used  for  the  manufacture  of  various 

o  o 
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•bjeoto  of  Inxozy ,  eilYer  is  also  eztensiyely  employed  for  extemalljr 
rating  the  sui&oeB  of  ariicleB  made  of  less  ezpensiTe  metals. 
For  tUa  porpoee  it  is  either  applied  to  the  Bor&ob  of  the  object  in 
the  form  of  an  amalgam  with  mereoij,  which  latter  metal  is  after- 
wards expelled  by  heat,  or  is  deposited  in  the  metallic  form  from 
its  solution  by  the  agency  of  a  feeble  electric  current. 
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Equiv.  =  98-33.    Density  =  19-3. 

Gold  is  possessed  of  a  characteristic  yellow  colour,  and.  is  the 
most  malleable  of  all  the  metals.  One  grain  of  pure  gold  may  be 
beaten  into  a  leaf  having  a  superficies  of  56  square  inches,  and 
which,  from  this  measurement,  and  the  known  specific  gravity  of 
the  metal,  is  calculated  to  have  a  thickness  of  one  two-hundred- 
thousandth  of  an  inch.  The  wire  used  by  lace  makers  is  drawn 
from  ingots  of  silver,  previously  g^ded ;  and  on  calculating  the 
length  and  circumference  of  the  wire  thus  prepared,  together  with 
the  weight  of  gold  originally  employed,  its  coating  of  that  metal 
is  found  to  be  at  least  twelve  times  thinner  than  ordinary  gold- 
leaf ;  but  still,  so  perfect  is  the  gilding,  that  a  powerful  microscope 
£eu]s  to  detect  the  slightest  flaw  or  imperfection  on  its  surface. 

When  in  extremely  thin  leaves,  gold  is,  to  a  certain  degree, 
transparent,  and,  on  being  held  between  the  observer  and  the 
light,  appears  of  a  beautiM  green  colour.  When  lai^  quantities 
of  gold  have  been  fused,  and  then  slowly  allowed  to  cool,  cubes 
more  or  less  modified  on  their  edges  and  angles  are  frequently 
obtained.  Native  gold  likewise  afiPords  numerous  well-defined 
crystals  belonging  to  the  cubic  system,  and  of  these  the  greater 
number  are  affected  by  the  faces  of  the  regular  octahedron,  or 
dodecahedron. 

It  fuses  at  a  temperature  estimated  hy  Daniell  at  2016^  Fahr., 
and  when  still  more  strongly  heated,  affords  sensible  metallic 
vapours.  If  the  charge  of  a  powerfiil  electric  battery  be  passed 
through  an  exceedingly  fine  gold  wire,  it  becomes  entirely  dis- 
sipated ;  and  when  a  sheet  of  white  paper  is  held  beneath  it  at  the 
time  of  the  discharge,  it  becomes  stuned  with  a  purple  hne  caused 
by  a  deposit  of  minutely  divided  metallic  gold.  If,  instead  of  a 
sheet  of  white  paper,  a  plate  of  polished  silver  be  employed,  it  is 
traversed  by  a  brightly  g^ded  line,  which  is  firmly  attached  to  its 
sur&oe.  A  globme  of  gold,  when  exposed  between  two  charcoal 
electrodes  to  the  action  of  a  powerful  voltaic  battery,  enters  almost 
immediately  into  fusion,  and  gives  off  abundant  metallic  fumes,  by 
which  its  weight  is  rapidly  diminished. 
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When  precipitated  from  its  ftolutions,  gold  assumes  a  dark- 
brown  coloiir,  but  on  being  rubbed  by  a  piece  of  polished  steel, 
or  other  hard  body,  readily  assumes  its  ordinary  colour  and  me- 
tallic aspect.  If  precipitated  gold  in  this  form  be  heated  to 
whiteness,  and  when  in  that  state  struck  repeatedly  with  a  heavy 
hammer,  its  particles  readily  become  welded  and  united  into  a 
soHd  mass  without  their  having  undergone  actual  fusion. 

The  gold  used  in  the  manufacture  of  jewellery,  as  well  as  that 
employed  for  being  coined  into  money,  is  invariably  alloyed  by 
some  other  metal,  such  as  copper  or  silver,  and  is  therefore  never 
absolutely  pure.  To  obtain  a  button  of  pure  gold  firom  these 
mixtures,  a  few  fragments  of  old  jewellery  may  be  dissolved  in 
aqua  regia,  and  the  solution  gently  evaporated  to  dryness  for  the 
purpose  of  expelling  any  excess  of  acid.  The  residue  is  now 
treated  with  hot  water,  by  which  it  is  dissolved,  with  the  exception 
of  any  chloride  of  silver  which  may  be  present.  The  chloride  of 
silver  is  then  separated  by  filtration,  and  an  excess  of  protosnl- 
phate  of  iron  in  solution  added  to  the  filtrate,  which  is  placed  in 
a  warm  place,  and  allowed  to  stand  for  several  hours.  A  reaction 
is  thus  effected,  by  which  metallic  gold  is  deposited,  whilst  the 
chlorine  with  which  it  was  originally  combined  unites  with  a  por- 
tion of  the  iron  of  the  protosulphate,  which  is  thereby  converted 
into  persulphate,  whilst  perchloride  of  iron  is  at  the  same  time 
formed.  The  precipitate  thus  obtained,  after  being  digested  for 
some  time  in  weak  hydrochloric  acid,  and  well  washed  in  distilled 
water,  is  mixed  with  a  small  quantity  of  borax  and  nitre,  and 
finally  fused  in  an  earthen  crucible  strongly  heated  in  an  assay 
furnace.  On  breaking  the  pot  after  it  has  been  allowed  to  cool, 
it  will,  if  the  experiment  has  been  carefully  conducted,  be  found 
to  contain  a  button  of  pure  gold.  Pure  gold  may  be  indefinitely 
exposed  to  the  action  of  air  and  moisture  without  becoming  in  ihe 
least  degree  tarnished,  nor  is  it  oxidised  by  being  kept  in  a  state 
of  fusion  in  open  vessels.  Neither  sulphuric,  hydrochloric,  nor 
nitric  acids  attack  gold,  even  when  in  a  finely  divided  state ;  but 
by  aqua  regia  it  is  readily  attacked,  and  dissolved  in  the  form 
of  chloride.  Gold  may  also  be  dissolved  by  hydrochloric  acid, 
to  which  has  been  added  some  substance  capable  of  hberating 
chlorine  with  facility :  among  these  may  be  mentioned  chromie 
acid  and  peroxide  of  manganese. 

Bromine,  even  in  the  cold,  rapidly  attacks  this  metal,  although 
by  iodine  it  is  but  sparingly  acted  on,  even  by  the  aid  of 
heat. 

Gold  is  not  directly  attacked  by  sulphur  at  any  temperature ; 
but  when  fused  with  the  alkaline  sulphides,  is  rapidly  acted  on 
with  the  formation  of  a  doable  sulphide,  in  which  the  sulphide 
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of  gold  acts  the  part  of  an  acid.     Gold  is  totally  unacted  on  by 
the  caustic  alkalies,  as  well  as  by  their  carbonate  and  nitrates. 

SOUECES  OP  GOLD. 

This  metal  is  found  exclusively  in  the  native  state,  but  is  seldom 
pure,  and  commonly  contains  a  certain  portion  of  silver,  and  not 
onfrequently  copper  and  iron. 

Native  gold  generally  presents  the  characteristic  yellow  colour 
peculiar  to  this  body  when  in  a  state  of  pmity,  but  its  natural 
surfaces  frequently  require  to  be  rubbed  with  some  hard  substance 
before  they  assume  the  ordinary  appearance  of  manufactured 
gold.  The  hardness  of  gold  is  lees  than  that  of  iron,  copper,  or 
silver,  but  greater  than  that  of  either  lead  or  tin.  When  broken 
by  repeated  bendings,  it  presents  a  matted  silk-like  structure, 
which  is  more  or  less  fine  in  accordance  with  the  purity  of  the 
specimen.  Native  gold  occurs  erystallised,  in  branches,  in  fila- 
ments and  plates,  traversing  the  fissures  of  di^erent  kinds  of  rocks, 
in  disseminated  grains,  and  in  pepitcu  mixed  with,  and  forming  a 
part  of,  various  alluvial  deposits.  In  the  latter  form  by  far  the 
g^reater  portion  of  this  metal  is  procured ;  but  as  these  sands  are 
themselves  the  product  of  the  destruction  of  auriferous  rocks,  the 
metal  which  they  contain  must  be  regarded  as  the  debris  resulting 
from  the  disintegration  of  the  matrix  in  which  it*was  originally 
enclosed.  Crystalline  specimens  are  likewise  numerous,  the  cube 
being  in  all  cases  the  primitive  form.  Crystals  seldom  occur 
isolated,  but  are  more  frequently  grouped  together  in  the  form  of 
irregular  branches.  Their  faces  are  generally  dull,  and  jn  most 
instances  slightly  rounded,  even  in  specimens  directly  extracted 
from  the  vein,  and  which,  consequently,  cannot  have  been  exposed 
to  attrition. 

The  small  branches  of  gold  which  frequently  occur  in  auriferous 
rocks,  when  closely  examined  appear  to  consist  of  a  series  of 
minute  octahedrons,  implanted  the  one  on  the  other,  so  as  to  form 
a  sort  of  chain. 

The  grains  and  fragments  found  in  alluvial  deposits  vary  con- 
siderably in  size,  but  are  generally  very  small. 

When  of  the  size  of  a  pea  and  upwards,  they  receive  the  name 
of  nuggets ;  and  in  some  localities  pieces  of  the  size  of  a  nut  arc 
not  of  unfr^uent  occurrence. 

Among  the  most  remarkable  masses  of  gold  which  have  been 
found  may  be  cited  the  following : — 

The  largest  mass  found  in  the  United  States  was  discovered  in 
Cabarras  County,  North  Carolina,  and  weighed  37  lbs.  troy.  In 
Paraguay,  masses  of  gold  varying  from  1  to  50  lbs.  in  weight 
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were  some  yean  since  obtained  at  the  foot  of  one  of  the  highest 
mountains.  Various  lumps  varying  from  16  to  17  lbs.,  and  one 
weighing  27  lbs.,  have  been  found  in  the  Ural  district;  and 
in  the  valley  Taschku-Targanka  a  fragment  was  detached  in 
1842  which  weighed  venr  nearly  100  lbs.  This  specimea  has 
been  deposited  in  the  Museum  of  Mining  Engineers  at  St. 
Petersburgh. 

Some  very  large  specimens  of  native  gold  have  likewise  been 
obtained  from  various  parts  of  California ;  and  masses  weighing 
above  a  hundred  weight  have  been  procured  from  the  Australian 

The  composition  of  various  specimens  of  gold,  as  obtained  fiiom 
different  localities,  is  given  in  the  following  table : — 


Locality. 

Gold. 

Silver. 

Copper. 

Iron. 

fFrom  the    aariferoiM) 
sandaof  Schabrow->- 

98-76 

0-16 

0-35 

0-05 

ski       .     .     .     .     ) 

From    the   sands   of> 

Petropawlowak        > 

86-81 

13-19 

0-30 

0-24 

G.  Rose .     .     . 

near  Bogoslowsk   .) 

Prom    the    mines   of> 

Beresof.     .     .    .( 

93-78 

6-94 

0-08 

— 

1 

From  Alexander  An-)^ 
drejewsknr.Miaskf 

87-40 

12-07 

0-09 

— 

From    the    mine    of  \ 
Sinarowski,  Altai    j' 

60-08 

38-38 

o-as 

— 

1 

fFrom    the   mine   ofl 
SanU-Roea      .     ./ 

64-93 

35-07 

— 

— 

,  Bou«wingault    . 

.  From  Transylvania   . 

64-52 

35-48 

— 

— 

t 

Gold  from  Ojas-Anchas 

84-50 

15-50 

— 

— 

,,         Bio-Sudo 

87-94 

12-06 

— 

— 

„         Biga    .     . 

88-15 

11-85 

— 

1 

D'Arcet  .     .     . 

/       „        Senegal    . 
\        „         Brazil.     . 

86-97 
94-00 

10-53 
5-85 

— 

~  ! 

In  the  G-ongo  Soco  mines  in  Brazil,  an  alloy  of  gold  and  palla- 
dium of  a  pale  yellow  colour  is  sometimes  found ;  and  in  some 
parts  of  Columbia  a  somewhat  similar  mixture  is  procured  in 
which  the  palladium  is  replaced  by  rhodium.  The  greater  portion 
of  the  gold  of  commerce  is  obtamed  from  Asiatic  Russia,  Brazil, 
Africa,  Transylvania,  the  East  Indies,  Australia,  and  CaJifomia. 
The  annual  supply  procured  from  these  several  sources  is  esiunated 
at  about  150,0001b8.,  having  a  value  of  above  nine  millions 
sterling. 
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The  chief  sources  of  this  valuable  metal  ate  the  deposits  of  sand 
and  grayel  produced  by  the  disint^ration  of  siliceous,  granitic, 
and  other  igneous  and  metamorphic  rocks,  which  have  beoi  trans- 
ported by  the  agency  of  water  from  disinicts  in  which  gold  is 
disseminated.  £l  addition  to  the  supply  afforded  by  the  wash^ 
ing  of  these  sands,  a  oertun  quantity,  amounting  to  about  one- 
tenth  of  the  total  annual  production,  is  obtained  from  minerals,  in 
which  it  occurs  in  the  form  of  minute  spangles,  disseminated  in 
a  matrix  of  quartz  found  in  the  form  of  veins  in  schistose  rocks. 
In  these  cases  the  quartz  is  generally  more  or  less  porous,  and 
almost  invariably  stained  of  a  brown  rusty  colour  from  the  pre- 
sence of  peroxide  of  iron.  The  working  of  such  veins  has,  how- 
ever, seldom  been  attended  with  such  satisfactonr  results  as  have 
been  obtained  from  alluvial  washings, — since  m&  labour  of  ex- 
traction is  not  only  considerably  greater,  but,  from  the  difference 
of  density  existing  between  the  partides  of  gold  and  those  of 
disint^rated  rock,  these  sands  are  continually  becoming  enriched 
by  the  action  of  water  flowing  continually  over  them.  In  Brazil, 
the  mines  of  Gonffo  Soco  and  some  others  have  been,  however, 
extensively  worked  on  veins ;  but,  from  the  heavy  expenses  en- 
tailed by  this  method  of  exploration,  and  from  the  circumstance 
that  the  mineral  obtained  is  but  little  richer  than  the  alluvial 
sands,  these  undertakings  are  seldom  extensively  conducted. 

The  gold  mines  of  Bussia  and  Siberia  extend  first  on  the  eastern 
flank  of  the  Ural,  in  a  belt  extending  through  five  or  six  degrees 
of  latitude  to  the  north  and  south  of  the  town  of  Ekatiiarineburg. 
There  is  likewise  a  second  deposit  of  a  similar  nature  in  the  go- 
vernments of  Tomsk  and  Yeneseik,  where  low  hills  extend  nortii^ 
ward  from  the  great  chain  of  the  Altai  mountains,  and  cover  a 
space  of  many  tiiousand  square  miles. 

The  most  celebrated  mines  of  the  first-named  district  are  those 
of  Berezovsk,  which  yielded  during  the  century  previous  to  the 
year  1841  about  24,500  lbs.  of  gold,  which  was  extracted  from 
something  less  than  a  million  of  tons  of  auriferous  mineral.  The 
matrix  usually  consists  of  coarse  sOiceous  sand,  but  veins  contain- 
ing auriferous  quartz  are  also  actively  wrought.  These  veins  are 
worked  by  vertical  shafts,  from  which  galleries  are  extended  in 
the  direction  of  the  run  of  the  lodes :  this  is,  however,  the  only 
instance  which  occurs  in  the  whole  Russian  territory  where  sub- 
terranean workings  are  resorted  to  for  the  extraction  of  gold. 
The  annual  supply  of  gold  frimished  by  Bussia  and  her  depen- 
dencies is  estimated  at  nearly  40,000  lbs.  weight,  and  is  valued  at 
two  and  a  half  millions  sterlxog. 

The  mines  of  BrazLL,  are  mostly  situated  at  the  foot  of  the  great 
mountain  chain  running  parallel  to  the  coast  frx>m  the  fifth  to 
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the  thirtieth  degree  of  South  latitude.  It  also  occun  in  greater 
or  lees  quantities  in  the  beds  of  the  streams  forming  the  upper 
branches  of  the  Francesco,  Tocantins,  Araguaj,  and  Guapore, 
but  more  particuhirlj  in  the  first.  The  rock  in  these  localities 
consists  of  primitive  granite  inclining  to  gneiss,  and  the  scnL 
which,  from  being  hiffhlj  ferruginous,  is  of  a  red  colour,  often  ex- 
tends to  a  great  deptn.  The  gold  is  chiefly  found  in  a  bed  of 
gravel  and  rounded  pebbles,  called  eoBcalho,  immediately  in  con- 
tact with  the  surface  of  the  solid  rock. 

Wherever  water  is  found  in  the  valleys,  large  excavations  are 
Blade  for  the  purpose  of  washing  these  deposits ;  and  by  conduct- 
ing a  rivulet  to  the  declivities  of  many  of  the  hills,  gold  is  fre- 
quently collected  from  a  short  distance  only  beneath  the  roots  of 
tiie  grass. 

The  most  recent  washings  are  established  in  the  vicinity  of 
Villa  Rica,  near  the  village  of  Cocaes,  where  the  gold  occurs  either 
mingled  with  the  sands  of  the  rivers,  or  in  the  alluvial  deposits 
lying  in  valleys  between  elevated  hills.  Gold  is  also  procured 
in  other  parts  of  the  province  of  Minas  Geraes,  and  is  extracted 
both  by  subterranean  excavations  and  by  the  washings  of  allu- 
vial deposits. 

The  greatest  quantity  of  gold  found  in  these  localities  was 
obtained  between  the  years  1753  and  1763,  since  which  Ume  the 
annual  produce  has  been  continually  on  the  decrease.  Between 
these  periods  the  yearly  product  amounted  to  16,000  lbs.,  but 
between  the  years  1801  and  1820  was  reduced  to  3,540  lbs.  only. 

Gold  is  likewise  found  in  many  other  parts  of  South  America ; 
but  that  of  Mexico  and  some  other  districts  is  constantly  asso- 
ciated with  silver.  The  only  auriferous  veins  worked  in  that 
country,  as  gold  mines,  are  in  Oaxaco,  where  they  traverse  forma- 
tions of  gneiss  and  mica-slate. 

The  gold  obtained  fit>m  Africa  is  principally  found  between 
Darfur  and  Abyssinia,  as  also  to  the  south  of  the  great  desert 
from  the  mouth  of  the  river  Senegal  to  the  Cape  of  Palms :  a 
certain  amount  is  also  collected  on  the  Mozambique  coast,  between 
latitudes  22*  and  25*  South.  Gold  is  likewise  obtained  from  the 
sands  of  the  Niger,  the  Gkunbia,  and  the  Senegal,  as  well  as  from 
the  gold  coast  near  the  equator,  from  which  large  quantities  of 
this  metal  are  annually  exported.  The  total  yearly  supply  frtnn 
this  continent  is  estimated  at  5,000  lbs.  avoirdupois,  worth  about 
£300,000  sterling. 

The  gold  obtained  from  Europe,  with  the  exception  of  European 
Bussia,  is  too  small  in  quantity  to  materially  affect  its  commercial 
value.  The  most  important  of  these  deposits  are  in  Transylvania, 
although  the  aaads  of  the  Moldau  and  other  Bohemian  riveore  also 
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contain  a  certain  quantity  of  this  metal.  The  annual  supply  from 
Hnngaiy,  according  to  Yillefosse,  amounts  to  2,810  lbs.  weight, 
worth  £176,000  sterling.  The  valley  of  the  Bhine,  between  Basle 
and  Mannheim,  is  also  known  to  be  auriferous ;  and,  according  to 
M.  Daubrde,  a  French  engineer,  some  of  the  richest  zones  would 
admit  of  being  profitably  treated. 

The  Spanish  mines,  which  were  anciently  rich  and  actively 
carried  on,  are  now  neglected,  as  are  also  those  of  the  Tagus,  the 
Rhone,  and  the  Danube.  The  British  islands  also  ftunish  from 
time  to  time  small  quantities  of  gold,  although  seldom  in  sufficient 
amount  to  be  equivalent  to  the  cost  of  extraction.  The  principal 
localities  in  which  gold  has  been  found  in  the  United  Kingdom 
are  in  Ireland  and  Wales,  although  specimens  are  occasionally 
obtained  from  the  Ck)mish  stream-works,  and  from  the  district  of 
Lead-hiUs  in  Scotland,  where,  in  the  time  of  Elizabeth,  extensive 
washings  were  carried  on  for  its  extraction.  Gold  likewise  occurs 
at  Oumberhead  in  Lanarkshire,  and  Glen  Turret  in  Perthshire. 
The  quantities  obtained  from  the  above  localities,  are,  however, 
extremely  small ;  and,  notwithstanding  that  small  accumulations 
and  occasional  lumps  have  sometimes  been  discovered,  no  work- 
ings of  a  r^ular  land,  and  on  an  extensive  scale,  have  been  at- 
tempted, excepting  in  Ireland. 

In  that  oountiy  a  considerable  quantity  of  native  gold  was 
accidentally  discovered  towards  the  dose  of  the  last  century,  dis- 
seminated in  the  beds  of  the  streams  which  flow  from  the  northern 
flank  of  Groghan  Kinshela,  on  the  confines  of  Wicklow  qnd  Wex- 
ford, and  in  the  immediate  vicinity  of  the  junction  of  the  granite 
and  clay-slate.  This  gold  was  found  in  massive  lumps,  one  of 
which  weighed  nine,  another  eighteen,  and  a  third  twenty-two 
<rances.  Soon  after  the  discovery  of  this  gold,  its  extraction  was 
undertaken  by  the  Government,  under  the  management  of  Mr. 
Weaver,  and  some  other  gentlemen.  These  worHngs  were  con- 
tinued during  about  two  years,  and  in  this  time  945  ounces  of 
gold  were  obtained,  which  was  sold  for  £3,675,  but  the  oost  of 
production  exceeding  the  return,  the  Government  works  were 
suspended,  and  have  not  since  been  resumed.  Before,  however, 
the  district  was  taken  possession  of  by  the  Grovemment,  a 
quantity  of  gold  of  the  value  of  at  least  £10,000  is  said  to  have 
been  collected  by  the  country-people  living  in  the  vicinity  of  the 
deposit. 

Considerable  excitement  has  recently  been  created  by  the  re- 
ported discovery  of  auriferous  veins  in  Great  Britain,  some  of 
which  are  stated  to  be  of  extraordinaiy  richness.  From  my  own 
observations,  as  well  as  from  the  investigations  of  many  of  my 
friends,  who  have  had  ample  opportunity  of  testing  the  accuracy 
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of  the  yarious  statements  which  have  been  put  forth  on  this 
subject,  I  am  of  opinion  that  the  richness  of  this  country  lor 
gold  has  been  decidedly  overrated.  It  is  consequently  not  impro- 
bable that,  in  the  course  of  a  short  period,  we  may  hear  less  not 
only  of  the  auriferous  deposits  themselves,  but  also  of  the  difEerent 
contrivances  which  have  been  recommended  for  the  treatmiait 
of  the  ores,  and  which,  in  most  instances,  afe  totally  unfit  for 
the  purposes  for  which  they  are  intoided. 

In  addition  to  the  supply  of  gold  obtained  from  the  plains  of 
Siberia,  Asia  has  also  contributed  considerable  quantities  of  this 
metal  from  the  rivers  of  Syria  and  other  parts  of  Asia  Minor,  as 
well  as  from  the  peninsular  of  Hindostan,  and  various  islanda  in 
the  Indian  Ocean. 

The  gold  mines  of  the  United  States  of  America  are  cfaieAy 
situated  along  the  eastern  slope  of  the  Appalachian  Chain,  fitnn 
Maine  to  Ahwama,  from  whence  the  deposit,  although  chiefly  con- 
fined to  the  States  of  Virginia,  North  and  South  Carolina,  and 
Geoigia,  extends  into  Canada.  Among  the  prindpal  gold  mines 
of  Virginia,  may  be  mentioned  those  of  Spot^lvania  on  the  Rap- 
pahannock, the  United  States  Mines,  and  i^ose  in  Stafford  Counly ; 
the  Culpepper  mines  on  Bapidan  river,  in  Orange  County,  in 
Goochland  County,  in  Louisa  County,  and  Eldridge's  mine  in 
Buckingham  County.  In  North  Carohna  the  gold  r^on  is  chiefly 
confined  to  the  three  ranges  of  counties  between  Frederick  and 
Charlotte,  nmning  in  a  Ime  nearly  parallel  with  the  coast.  The 
Meddenburgh  mines  are  principally  worked  on  veins,  whilst  those 
of  Burke,  loncoln,  and  Kuthcarford,  are  worked  on  alluvial  de- 
posits. The  principal  gold  districts  in  South  Carolina  are  the 
Catawba  and  Lynch's  Creek  regions,  chiefly  in  Lancaster  and  in 
Picken's  Coimty,  adjoining  the  State  of  Oeorgia.  The  most 
remarkable  mines  in  Oeorgia  are  those  of  Shelton  in  Habersham 
County,  but  some  recent  operations  have  been  also  commenced  in 
Cherokee,  Hall,  and  Babun  Counties. 

The  gold  district  of  California,  as  fiur  as  at  present  known, 
occupies  the  northern  part  of  New  Califomia,  commencing  near 
the  mouth  of  the  Sacramento  river,  in  lat.  39*^  North,  and  long. 
122|^  West,  about  100  miles  to  the  north-east  of  the  bay  and  town 
of  &U1  Francisco.  The  alluvial  deposits  in  which  the  gold  is 
found  consists  of  sand  apparently  produced  by  the  disintegration 
of  quartoze  granite,  and  porphyroid  rocks,  but  of  the  geological 
structure  of  the  ooimtry  little  is  yet  accurately  known.  Col. 
Fremont  describes  the  valley  of  the  Sacramento  as  taking  its 
origin  in  several  parts  of  the  Sierra  Nevada,  and  in  the  transverse 
range  proceeding  from  the  coast  at  Cape  Mendocino.  Several  of 
these  affluents,  and  particularly  that  cidled  the  Bio  de  los  Ameri- 
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canes,  which  falls  into  the  main  river  in  the  viciniiy  of  San 
Francisco,  have  been  found  particularly  productive.  At  a  distance 
of  about  twenty- five  nules  up  this  stream  are  situated  the  Mormon 
Diggmgs,  or  Lower  Mines,  where  successful  and  very  extensive 
washings  have  been  carried  on.  Five-and-twenty  miles  north  of 
the  Bio  de  los  Americanes,  the  stream  called  Bio  de  los  Plumas 
falls  into  the  Sacramento,  and  here  also  are  established  diggings 
at  which  very  large  profits  have  been  realised.  Besides  these 
localities,  the  whole  of  the  affluents  of  the  Sacramento  have 
afforded  gold  wherever  they  have  been  explored,  and  the  whole  of 
the  country  from  the  Ajuba  to  the  San  Joaquin  rivers,  a  <£stance 
of  120  miles,  and  from  the  base  towards  the  summit  of  the  moun- 
tains as  far  as  Snow  Hill,  have  proved  to  be  auriferous. 

The  first  official  notification  of  the  discovery  of  gold  in  our 
Australian  colonies  is  contained  in  a  despatch  from  Grovemor 
Pitzroy  to  Earl  Grey,  and  bears  date  May  22, 1851.  In  this  it 
is  annoimced  that  a  gold  field  had  been  discovered  westward  from 
the  town  of  Bathurst,  and  at  a  distance  of  about  150  miles  from 
Sydney. 

The  existence  of  gold  among  the  various  mountain  chains  of 
New  South  Wales  had  not  only  been  predicted  by  Sir  Boderick 
Murchison  as  early  as  the  year  1848,  but  had  also  been  insisted 
on  by  Mr.  Clarke,  a  native  geologist,  who  expressed  his  convic- 
tion that  the  Blue  Mountains  would  at  some  time  prove  to  be 
auriferous.  These  views  were  to  a  certain  extent  confirmed  by 
the  circimistance  of  a  shepherd  having  long  been  in  the  habit  of 
bringing  into  Sydney,  for  sale,  GrsgmentB  of  native  gold,  but 
refused  to  state  from  whence  he  had  obtained  them. 

About  two  years  before  the  actual  discovery  of  gold  in  the 
colony,  a  Mr.  Smith,  who  was  engaged  in  some  iron  works  in  the 
vicinity  of  Berrima,  produced  to  the  Colonial  Secretary  a  lump  of 
gold  imbedded  in  quartz,  which  he  said  he  had  picked  up  in  a 
place  which  he  offered  to  make  known  to  the  Government  on 
being  previously  rewarded  for  the  inteUigence  by  the  payment  of 
a  considerable  sum.  The  reply  to  this  offer  was,  that  no  blind, 
bargain  upon  such  a  subject  could  be  entered  into,  but  that  if 
Mr.  Smith  thought  proper  to  trust  to  the  libeiulity  of  the 
Government  he  might  rely  on  being  rewarded  in  proportion  to 
the  value  of  the  alleged  discovery,  when  that  had  been  ascer- 
tained. 

To  the  conditions  of  this  proposal  Mr.  Smith  refiised  to  accede, 
and  here,  for  a  considerable  f^e,  the  matter  rested,  as,  apart  frt)m 
the  suspicion  entertained  by  the  governor  that  the  piece  of  gold 
produced  by  Mr.  Smith  might  have  come  from  Califoniia,  or  some 
other  foreign  locality,  he  was  of  opinion  that  any  investigation 
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instituted  by  the  Goyemment  with  a  view  of  asoertainiiig  whether 
gold  did  in  reality  exist  to  any  amount  in  that  part  of  the  colony, 
which,  from  its  geological  formation,  might  be  supposed  to  afford 
it,  would  be  liable  to  agitate  the  public  mind  to  such  an  extent 
as  to  divert  the  attention  of  the  colonists  from  their  proper  and 
more  certun  avocations. 

On  the  3rd  of  April,  1851,  Mr.  Hargraves,  who  had  recently 
returned  from  CaUfomia,  addressed  a  letter  to  the  Colonial  Secre- 
tary, to  the  effect  that,  having  occupied  himself  for  two  months 
in  exploring  a  considerable  extent  of  country,  in  which,  from  his 
experience  in  California,  he  was  led  to  believe  gold  was  to  be 
found,  he  had  prosecuted  his  speculation  to  a  successful  issue, 
and  offered  to  point  out  to  the  Officers  of  Government  the  locali- 
ties in  which  he  had  discovered  gold,  on  condition  that  he  should 
receive  the  sum  of  five  hundred  pounds  as  a  compensation.  To 
this  proposal  a  reply  was  returned  similar  to  that  given  on  a 
former  occasion  to  Mr.  Smith,  and  on  the  30th  of  April  Mr. 
Hargraves  addressed  a  second  letter  to  the  Colonial  Secretary, 
expressing  his  willingness  to  leave  the  remuneration  of  his  dis- 
covery to  the  liberal  consideration  of  the  Government,  and  naming 
the  localities  from  which  he  had  bbtained  specimens  of  gold. 

On  the  8th  of  May  the  discovery  became  generally  known,  as 
some  persons,  who  had  been  employed  under  the  directions  of  Mr. 
Hargraves  at  Summer  Kill  Creek,  one  of  the  localities  named  by 
him  as  auriferous,  had  obtained  several  ounces  of  gold ;  and  on 
May  the  13th,  very  great  excitement  prevailed  from  a  report  that 
a  solid  piece  of  gold,  weighing  13  ounces,  had  been  obtained. 
This,  on  inquiry,  proved  to  be  correct,  and  hundreds  immediately 
started  for  the  diggings. 

The  Government  now  issued  a  proclamation  declaring  that  aU 
persons  digging  for  gold  without  a  license  would  be  proceeded 
against ;  and  regulations  were  issued  authorising  the  Crown  Com- 
missioners to  grant  such  licenses  for  a  fee  of  £1  10s.  per  month. 
The  Commissioners  were  also  furnished  with  a  force  of  ten  men, 
for  the  piu*pose  of  collecting  these  fees,  and  for  the  maintenance 
of  order ;  strong  detachments  of  police  being  at  the  same  time 
posted  along  the  principal  roads  leading  to  the  gold  fields.  Mr. 
Hargraves,  and  the  Gk)vemment  geological  surveyor,  Mr.  Stutch- 
bury,  with  whom  Mr.  Clarke  was  afterwards  associated,  were  now 
ordered  to  make  an  immediate  survey  of  the  various  localities  in 
which  it  was  thought  that  gold  would  be  found. 

As  might  be  expected,  the  excitement  spread  rapidly,  and  large 
numbers  of  persons  left  their  employments  and  flocked  to  the 
spot.  On  the  19th  of  May  400  persons  were  reported  to  be 
occupied  at  the  diggings  on  Summer  Hill  Creek.     On  the  29th, 
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1,000,  and  on  the  5tb  of  June  1,500,  were  stated  to  be  tbos  em- 
ployed. About  the  14th  of  June  a  fresh  enterprise  was  opened 
on  the  Turon  River,  one  of  the  localities  first  pointed  out  by  Mr. 
Hargraves,  and  afterwards  more  specifically  indicated  by  Mr. 
Stutchbiuy.  This  at  once  carried  off  a  lai^  number  of  those 
previously  employed  at  Summer  Hill  Creek,  or  Ophir,  as  that 
locality  is  now  called,  since  early  in  July  it  was  stated  as  probable 
that  at  this  place  the  number  of  diggers  for  the  month  would  not 
exceed  400,  while  at  Turon  it  would  be  considerably  above  1,000. 
In  December  the  number  of  diggers  on  the  Turon  amounted  to 
6,000 ;  and  since  that  time  gold  fields  have  been  discovered  in 
various  places,  of  which  the  following  are  among  the  most  pro- 
ductive : — Muckewa  Creek,  Louisa  Creek,  and  Meroo  Creek  in  the 
county  of  Wellington,  Frederick's  Valley,  Campbell's  River,  and 
Winbumdale  Creek  in  the  county  of  Bathurst,  Abercrombie  River 
in  the  county  of  Geoi^iana,  and  Araluen  River,  and  its  various 
tributaries  in  the  county  of  St.  Vincent's. 

A  short  time  after  the  announcement  of  the  existence  of  gold 
in  the  colony  of  New  South  Wales  Proper,  a  still  more  amazing 
discovery  was  made  in  Victoria.  In  a  despatch  dated  26th  of 
August,  1851,  Lieutenant-Governor  Latrobe  communicated  to  Earl 
Grey  that  large  auriferous  deposits  had  been  found  in  that  colony. 
The  three  localities  first  named  were  Clime's  diggings,  about  fort^ 
miles  from  Melbourne,  where  the  gold  was  found  in  an  alluvial 
deposit,  chiefly  consisting  of  quartz  gravel;  at  Boninyong,  or 
Ballarat,  situated  on  the  river  Leigh,  about  seventy-five  miles  from 
Melbourne,  and  forty-five  from  Geelong,  where  the  gold  was  some- 
times imbedded  in  compact  quartz ;  and  at  Deep  Creek,  only  nine- 
teen miles  from  the  capital,  where  the  precious  metal  was  found  to 
exist  in  coimection  with  slate  rock.  At  Ballarat,  from  whence 
the  greatest  quantity  of  gold  was  obtained,  the  metal  is  found  in 
lumps  of  various  sizes — sometimes  in  the  superficial  soil,  but  more 
generally  scattered  through  three  or  four  successive  strata,  prin- 
cipally composed  of  clay  and  gravel,  and  occupying  from  10  to 
30  feet  in  dei)th.  The  richest  deposits  are,  however,  found  in 
certain  small  beds  of  blue  clay,  four  or  five  inches  in  thickness, 
and  lying  almost  immediately  above  a  stratum  of  pipe-clay,  in 
and  below  which  no  gold  has  been  found.  In  addition  to  the 
above  localities  gold  was  also  found  near  G«elong ;  at  Mount  Dis- 
appointment ;  in  the  Pyrenees ;  and  finally  the  people  of  Melbourne 
l^gan  to  bref^  up  the  streets,  which  were  macadamised  with  quartz 
pebbles  obtained  from  the  gold  districts.  By  this  time  Melbourne 
and  Geelong  were  almost  emptied  of  their  male  inhabitants.  The 
shopmen  and  day-labourers  were  the  first  to  leave,  and  the  superior 
class  of  farmers  and  tradesmen  speedily  followed,  partly  from 
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sharing  the  same  mania,  and  partly  hecause,  after  losing  their 
subordmates,  they  could  do  nothing  else.  In  some  cases  thej 
placed  themselves  at  the  head  of  digging  parties,  consisting  of 
their  dependents;  and  in  others  worked  singly  and  with  their 
own  hands.  At  this  time  the  pablic  excitement  became  so  great 
that  it  was  found  impossible  to  retain  the  services  of  the  govern- 
ment employee  without  an  addition  to  their  salaries  of  first  25,  and 
subsequently  50  per  cent.  In  about  a  month  after  this  a  fresh 
gold  field  was  discovered  in  the  range  of  Mount  Alexander,  on 
tiie  east  of  the  Lodden  Biver,  and  about  seventy  miles  north-west 
of  Melbourne,  which  shortly  surpassed  in  richness  not  only  the 
fiallarat  diggings,  but  all  others  which  had  beai  previously 
discovered. 

The  whole  structure  of  Australian  society  now  became  com- 
pletely disorganised.  The  number  of  di^;ers  at  BaUarat,  which 
had  previous^  risen  to  6,000,  were  quickly  reduced  to  about  1,600, 
whilst  the  number  at  Mount  Alexander  soon  amounted  to  20,000. 
From  this  time  gold  began  to  be  collected  fi!om  all  the  various 
streams  flowing  from  the  Mount  Alexander  range,  on  the  Groulbum 
Hiver,  and  throughout  the  whole  of  the  Omee  countiy ,  by  which 
the  supply  was  so  &r  increased  that  gold  soon  arrived  at  the  sea- 
ports at  the  rate  of  two  tons  per  week.  At  the  present  moment 
a  vast  number  of  other  localities  have  been  discovered,  and  up  to 
the  receipt  of  the  latest  iutelligence  the  supply  of  the  precious 
metal  appeared  to  be  on  the  increase. 

MECHAKIOIX  Ain>  METALLTTSGIC  TBSATHEKT  OF  GOLD. 

From  the  great  difference  of  density  existing  between  the  par- 
ticles of  gold,  and  the  siliceous  and  ferruginous  gravel  with  which 
it  is  associated,  its  separation  from  these  bodies  becomes  an  ex- 
tremely simple  operation.  The  methods  practically  employed  for 
the  purpose  of  effecting  this  object,  vary  both  with  the  localities 
in  which  thp  operation  is  carri^  on,  and  also  in  accordance  with 
the  nature  and  composition  of  the  mineral  operated  on.  In  many 
localities  where  hand-washing  is  practised,  the  instrument  em- 
ployed is  a  small  iron  or  zinc 
pan,  fig.  213,  from  which  the 
lighter  and  stony  matters  are 
carried  off  by  suspension  in 
water :  the  residuum  thus  ob- 
tained contains  the  greater  part 
218.  of  the  gold,  which  is  subse- 

quently separated  by  amalgamation.     In  Hungary,  in  place  of 
the  pans  above  described,  the  washing  is  conduct^  on  inclined 
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tables,  trftversed  by  a  number  of  transyerse  grooyes.  The  inclina- 
tion of  these  tabfes  is  yaried  in  accordance  with  the  natore  of 
the  mineral  treated,  and  the  sand  to  be  washed  is  placed  in  the 
first  grooye  of  the  series,  and  then  exposed  to  a  current  of  water 
until  the  gold,  tocher  with  a  small  portion  of  the  sand,  has 
collected  towards  the  lowest  furrow.  The  matrix  is  now  removed 
into  flat  wooden  basins,  where  the  whole  of  the  stony  impurities 
are  separated  by  a  careM  washing. 

In  Brazil,  the  method  of  proceeding  anciently  employed  was  to 
open  a  square  pit  in  the  soil  until  the  cascalho  or  auriferous 
sixatum  was  attained,  when  this  was  broken  up  with  pickaxes  and 
placed  in  a  wooden  vessel,  narrower  at  the  bottom  than  at  the  top. 
These  cases  were  exposed  to  a  stream  of  running  water,  and 
hriakly  shaken  from  side  to  side  until  the  whole  of  the  earth  was 
washed  away,  and  the  metallic  particles  alone  remained.  All  these 
workings  were  situated  either  in  the  dried  up  beds  of  rivers,  or  in 
the  table  lands  over  which  a  stream  of  water  had  at  some  former 
period  flowed.  At  the  present  time,  instead  of  opening  the  ground 
by  manual  labour,  and  afterwards  carrying  the  auriferous  gravel  to 
a  stream  for  the  purpose  of  being  washed,  the  water  is  conducted 
directly  to  the  mining  ground,  and  by  thus  washing  away  the 
mould,  and  exposing  without  the  trouble  of  transporting  the 
caflcalho  to  the  acticm  of  a  stream  of  water,  a  great  economy  of 
labour  is  effected. 

Biver  mining,  from  the  simplicity  of  the  operations  required,  is 
the  most  easily  and  readily  performed,  and  consequently  by  fer 
the  greater  proportion  of  the  streams  which  are  known  to  be  auri- 
ferous, are  wrought  in  some  part  of  their  courses.  The  auriferous 
veins  which  traverse  some  of  the  mountain  districts,  although 
occasionally  affording  much  larger  quantities  of  the  precious  metal, 
require  the  expenditure  of  a  greater  amount  of  both  labour  and 
capital,  and,  therefore,  much  fewer  mines  of  this  description  are 
undertaken.  When  worked,  however,  these  veins  are  not  often 
laid  bare  by  subterranean  excavations,  but  are  explored  by  open 
cuttings  made  by  clearing  away  the  soil  directly  from  the  surface. 
The  washings  of  this  kind  in  the  vicinity  of  St.  John  del  Eey 
were  fonnerly  very  rich,  but  have  recently  diminished  consider- 
ably in  importance.  The  principal  dig^ng  in  this  locality  is  now 
situated  on  the  eastern  side  of  the  hUl,  in  immediate  proximity 
to  the  town,  and  consists  of  an  open  area,  of  which  three  sides 
have  been  excavated  in  the  solid  rock,  whilst  the  fourth,  which 
fronts  the  west,  is  left  open.  The  rock  here  consists  of  a  soft 
sandstone,  or  indurated  clay,  mixed  with  mica,  and  is  wrought  by 
the  aid  of  numerous  streams  of  water  divided  into  small  rivulets, 
and  conducted  down  its  sloping  sides.    In  working  the  mine  the 
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loosened  soil  is  thrown  into  these  cliannelB,  and  kept  in  sospeoaon 
by  constant  agitation,  until  it  reaches  a  well  sunk  at  the  bottom 
of  the  excavation,  and  where  the  heavier  and  auriferous  partides 
are  carried  by  the  current.  This  pit  is  occasionally  emptied,  and 
its  contents  again  subjected  to  a  second  series  of  washings,  by 
which  the  particles  of  gold  are  finally  obtained  in  a  pure  siate. 
By  this  way  of  mining,  lai^  masses  of  gold  or  eaideiraoe  are 
occasionally  met  with,  but  in  most  instances  the  chief  supply  is 
derived  from  the  smaller  particles  obtained  by  the  repeated  wash- 
ings of  the  sands  collected  in  reservoirs  situated  at  the  bottoim  of 
the  excavations. 

In  the  district  of  Lower  Parahybuna,  large  quantities  of  sari- 
ferous  sand  are  annually  dredged  from  the  bottom  of  the  riv^  hy 
means  of  windlasses  and  iron  scoops.  The  sands  thus  obtained 
are  transported  in  canoes  cut  out  of  a  solid  log  of  wood,  and 
externally  formed  like  a  butcher's  tray,  whilst  they  inteixiaUy 
represent  a  three-sided  prism,  of  which  one  of  the  acute  edges 
forms  the  line  of  the  bottom.  To  each  of  these  canoes  is  allotted 
a  gang  of  four  blacks,  three  of  whom  superintend  the  boat  and 
dredge,  whilst  the  fourth  is  on  the  platform  ready  to  receive  the 
sand  brought  up  by  the  iron  scoop.  Each  of  these  boats  will 
sometimes  collect  three  quarters  of  an  ounce  of  gold  in  the  course 
of  a  day,  but  the  quantity  obtained  is  extremely  small  in  propor- 
tion to  the  amount  of  sand  which  has  to  be  washed.  In  the  n^gh- 
bourhood  of  Villa  Kica,  once  remarkable  for  its  richness  in  this 
metal,  but  at  present  comparatively  impoverished,  various  metiiods 
of  extraction  are  adopted ;  not  only  the  auriferous  sands  are  sub- 
jected to  careful  washing,  but  numerous  drifts  and  levels  have 
been  extended  into  the  softer  parts  of  the  mountain.  Both  these 
excavations  and  the  river  washing  are  entirely  conducted  by  ne- 
groes, of  whom  numbers  are  always  to  be  seen  thus  employed  in 
the  Oiro  Preto  and  Do  Carmo.  These  gold-washers  are  each 
dressed  in  a  leathern  jacket,  and  are  furnished  with  a  large  wooden 
bowl,  of  about  two  feet  in  diameter,  and  one  foot  in  depth,  and 
have  a  leathern  bag  tied  before  them  for  the  reception  of  the 
particles  of  gold  dust  which  they  may  collect.  The  localities 
generally  chosen  for  these  washings  are  those  parts  of  ihe  river 
where  the  current  is  not  rapid,  and  where  it  makes  numerous 
bends,  and  forms  deep  holes.  The  large  stones  and  upper  layers 
of  sand  are  first  removed,  and  the  bowl  is  then  filled  with  the 
deeper  and  older  gravel  of  the  river,  which  is  shaken  and  washed, 
and  the  stones  and  sand  on  the  top  scraped  off,  until  the  grains 
of  gold  alone  remain  at  the  bottom  of  the  vessel.  This  residue 
is  now  moistened  by  a  little  water  thrown  on  by  the  hand,  and 
washed  into  the  leathern  bag  before  described.     Instead  of  oper* 
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ating  in  this  way,  the  auriferous  sands  are  sometimes  washed  in 
long  shallow  troughs,  the  bottoms  of  which  are  covered  with 
skins  tanned  with  the  hair  on,  and  of  which  the  haiiy  side  is 
placed  upwards.  Instead  of  employing  skins  for  this  purpose, 
coarse  baize  is  sometimes  used ;  but  in  either  case  the  moveable 
lining  is  at  short  intervals  removed  from  the  case,  and  beaten  over 
a  tank  containing  about  two  feet  of  water,  and  afterwards  washed 
in  it  imtil  all  the  adhering  gold  is  disentangled,  after  which  they 
are  again  replaced  in  the  troughs.  To  prevent  theft,  these  tanks 
are  oarefolly  locked  up  during  the  night,  and  when  they  have 
become  fuU  their  contents  are  cautiously  washed  in  hand-bowls 
unto  nothing  but  the  gold  remains,  mixed  with  a  greater  or  less 
amount  of  peroxide  of  iron. 

The  residue,  whilst  in  a  damp  state,  is  now  intimately  mixed 
with  a  small  quantity  of  metallic  mercury,  which  takes  up  the 
particles  of  gold,  and  leaves  the  oxide  of  iron  in  an  uncombined 
state.  The  pasty  amalgam,  after  being  separated  from  the  oxide 
of  iron,  is  now  carefully  folded  in  a  dosely-wove  cloth,  and  wrung 
until  about  one-half  of  the  qoicksilver  originally  added  has  been 
separated  in  a  free  state.  What  remains  is  afterwards  put  into 
a  small  metaUic  dish,  and  covered  by  a  few  green  leaves,  and  then 
placed  over  a  charcoal  fire,  where  it  is  stirred  with  an  iron  rod. 
when  the  leaves  have  become  much  parched,  they  are  replaced 
by  a  succession  of  fresh  ones,  and  from  these,  at  the  close  of  the 
operation,  a  considerable  quantity  of  condensed  mercury  is  obtained. 
The  gold^  of  a  dirty  brown  colour,  and  still  containW  a  certain 
proportion  of  mercury,  remains  at  the  bottom  of  the  dish. 

In  the  Ural  districts,  from  whence,  notwithstanding  the  ex- 
treme poverty  of  the  auriferous  sands  there  found,  the  chief  annual 
supply  of  gold  has  to  within  a  very  recent  period  been  obtained, 
the  methods  of  washing  employed  are  very  various.  In  some 
cases  the  auriferous  sands  are  thrown  into  boxes,  of  which  the 
bottoms  are  composed  of  thin  sheet  iron,  pierced  with  numerous 
small  holes ;  these  are  placed  immediately  under  a  considerable 
fall  of  water,  and  the  mineral  kept  constantly  agitated  by  work- 
men, who  keep  it  stirred  with  shovels.  By  this  treatment  the 
finer  particles  are  carried  through  the  nurtures  in  the  bottoms 
of  the  boxes,  and  &11  on  a  series  of  sloping  tables,  on  which  the 
workmen  constantly  brush  the  ore  from  the  foot  to  the  head  of 
the  arrangement  with  a  small  heath  broom,  and  there  the  par- 
ticles of  gold  and  other  heavy  substances  accumulate.  The  sand, 
afier  bei^  thus  concentrated  and  separated  from  the  lighter  mat- 
ters, is  frirther  enriched  by  a  second  washing  on  a  series  of  tables 
of  smaller  dimensions.  The  titaniferous  iron,  together  with  the 
magnetic  oxide  of  iron,  which  is  invariably  present,  b  now  par- 
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tiallv  separated  by  the  aid  of  a  powerful  magnetic  bar,  and  the 
residue  subsequently  fused  in  a  graphite  crucible,  with  a  mirture 
of  carbonate  of  soda  and  nitre,  to  which  borax  is  sometimes  added. 
From  its  greater  density,  the  gold  collects  at  the  bottom,  whilst 
its  sur&oe  is  covered  by  a  more  or  less  liquid  slag,  which  retains 
numerous  globules  of  metallic  gold.  This  scoria  is  afterwards 
stamped  and  washed,  and  the  rich  slimes  thus  obtained  are  subse- 
quently fused  in  a  cupola  furnace,  together  with  lead  ores ;  the 
auriferous  lead  thus  obtained  is  ultimately  treated  by  cupellation. 
Instead  of  washing  the  auriferous  sands  by  means  of  wooden  ves- 
sels with  perforated  iron  bottoms,  many  of  the  workings  for  gold 
in  the  Ural  mountains  are  conducted  by  the  aid  of  the  washing 
cylinder  represented  fig.  214.  This  machine  consists  of  a  cylinder 
of  sheet  iron,  a,  pierced  with  holes  of  about  half  an  inch  in  dia- 
meter, and  strengthened  on  the  inside  by  a  strong  iron  trellis. 
The  cone,  which  may  be  about  8  feet  in  length,  and  has  a  mean 
diameter  of  about  3  feet  6  inches,  is  larger  at  one  extremity  than 
at  the  other,  and  is  fixed  on  a  roindle  capable  of  being  set  in  rapid 
motion  by  means  of  a  train  of  wheels,  worked  by  the  horse  gin, 
B,  securely  fastened  to  the  ground  by  strong  oak  or  other  sleepers. 
The  auriferous  sands  to  be  treated  are  brou^t  in  waggons  running 
on  iron  rails  to  the  hopper,  o,  fi!om  whence  they  fall  into  the 
moveable  cylinder  through  the  aperture  formed  by  its  smaller 
circumference.  At  the  back  of  the  arrangement  is  a  double  pump, 
D,  set  in  motion  by  a  crank  on  the  shaft:,  which  commimicates 
motion  from  the  gin,  b,  to  the  cylinder,  a.  This  pump  raises 
water  from  a  well  or  some  other  convenient  source,  to  the  cistern, 
£,  from  which  it  is  conducted  by  means  of  four  iron  pipes  into 
the  cyHnder,  a  ;  these  pipes  enter  the  cavity  of  the  drum  through 
the  two  open  ends,  and  are  so  arranged  with  regard  to  length  as 
to  afford  a  nearly  equal  supply  of  water  throughout  its  whole 
capacity.  When  set  in  motion,  the  perforated  cylinder  makes 
from  thirty  to  thirty-five  revolutions  in  a  minute,  and  consequently 
throws,  by  its  centrifrigal  action,  the  water  and  finer  particles  of 
sand  and  gravel  through  the  niunerous  perforations  which  it  con- 
tains ;  whilst  the  pebbles  and  other  fragments,  which  are  of  too 
large  a  size  to  pass  through  the  holes,  are  carried  off  through  tibie 
laxger  end  of  the  cylinder,  and  there  fall  into  a  box  not  shown  in 
the  drawing.  This  receptacle  will  contain  any  nuggets  which 
may  have  been  present  in  the  sands ;  and  as,  by  passing  through 
the  cylinder,  they  will  have  been  washed  perfectly  clean,  they  may 
now  be  readily  seen  and  picked  out.  The  sand  and  water,  after 
having  escaped  through  the  apertures  in  the  drum,  Ml  on  the 
inclined  platform,  f,  which  is  provided  with  numerous  horizontal 
bars,  for  the  purpose  of  separating  the  heavier  from  the  lighter 
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portions  of  ore.  From  this  platform  the  current  flows  on  to  the 
concaye  table,  h,  also  provided  with  checks,  in  the  form  of  wooden 
bars,  nailed  across  it  at  distances  of  about  3  feet  from  each  other. 


The  sands  which  have  arrived  at  this  part  of  the  table  are  now 
kept  constantly  agitated  by  the  wooden  pendulums,  i,  i',  pro- 
vided at  their  lower  extremities  with  frames  made  to  suit  the 
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ooncavity  of  the  table,  and  fitted  with  flattened  teeth,  like  those 
used  in  some  kinds  of  fanning  implements.  These  pendulums 
are  made  to  swing  bj  means  of  the  rods,  k,  driren  by  the  cnuk^ 
o,  and  are  so  arranged  as  to  move  constantly  in  opposite  direc- 
tions. In  this  way  the  operation  is  continued,  until  a  consider- 
able accumulation  of  rich  auriferous  sand  has  taken  place  at  the 
upper  part  of  the  tables,  where,  being  retained  by  the  horizontal 
slips  of  wood,  it  remains ;  whilst  the  lighter  matters  are  carried 
off  by  the  current  of  water  to  the  lower  end  of  the  table,  h,  from 
whence  they  are  either  made  to  pass  over  a  fresh  series  of  tables, 
or  if,  as  is  usually  the  case,  they  are  found  to  be  sufficienl^y  im- 
poverished, they  are  allowed  to  run  entirely  away. 

When  a  sufficient  accumulation  of  rich  auriferous  sand,  called 
grej  schhch,  has  taken  place  behind  the  various  check-boards 
nailed  across  the  tables,  it  is  airefully  collected  for  the  purpose 
of  further  concentration  on  small  inclined  tables.  These  consist 
of  wooden  troughs,  figs  215,  216,  of  about  9  feet  in  length,  and 
3  feet  6  inches  in  br^th,  provided  with  a  head  board,  as  shown 
in  the  sketch,  fig.  215,  and  in  which  a  constant  and  very  equal 
flow  of  water  is  obtained,  by  the  use  of  the  boards,  a,  b.  The 
schhch  to  be  washed  has  to  be  placed  at  by  and  an  equal  and  very 
light  (gentle)  current  of  water  allowed  to  flow  over  its  surface. 
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whilst  it  is  being  constant^  moved  by  a  small  wooden  rake,  or 
heath  broom,  towards  the  head  of  the  acranffement.  By  skilful 
treatment  in  these  tables,  or  fine  washing  as  it  is  called,  the  gold 
may  be  almost  entirely  separated  from  the  associated  sterile  mat- 
ters, and  may  then  be  treated  either  by  amalgamation  or  direct 
fiision.  The  cylindrical  machine  above  described  is,  when  driven 
by  three  bullocks,  or  two  good  horses,  capable  of  passing  120  tons 
of  aUuvial  sand  in  the  course  of  an  ordinary  working-day  of  ten 
hours.  The  sand  is  thus  concentrated  to  about  two  tons,  which 
are  washed,  as  before  described,  on  small  inclined  tables.  With 
a  small  machine  of  this  description,  one  man  may,  without  aid, 
readily  wash  at  least  ten  tons  of  sand  and  gravel  per  day.  Nothing 
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need  be  said  of  the  efficiency  and  economy  of  these  machines, 
when  it  is  stated  that  the  sands  of  the  Ural  rarely  contain  above 
eighty  grains  of  gold  to  the  ton  of  mineral,  and  are  nevertheless 
advanti^eously  treated  by  this  and  various  similar,  though  slightly 
modified  arrangements. 

The  gold-mining  associations  hitherto  carried  on  in  Australia 
have  for  the  most  part  been  conducted  on  a  very  rude  scale,  but 
many  extensive  and  well-appointed  establishments  have  com- 
menced their  operations  in  different  localities.  The  vessels  at 
first  made  use  of  for  the  purpose  of  washing  were  either  tin  pans  or 
closely-wove  Indian  baskets,  although  a  rude  machine,  known  by 
the  name  of  a  cradle,  was  also  extensively  used.  This  consists  of 
a  trough,  six  or  eight  feet  in  length,  with  a  rounded  bottom,  across 
which  two  pieces  of  wood,  serving  as  rockers,  are  nailed.  At  the 
head  of  this  arrangement  is  pla^  a  coarse  grate,  on  which  the 
sand  to  be  washed  is  charged,  and  thereby  separated  firom  the 
coarser  particles,  which  are  retained  on  the  meshes.  To  work 
this  machine  four  men  are  required :  one  breaks  the  ground  and 
collects  the  auriferous  sand,  another  carries  it  to  the  washing 
place  and  deposits  it  on  the  grating,  a  third  violently  rocks  the 
trough,  whilst  the  fourth  attends  to  the  supply  of  water,  and  the 
regular  washing  of  the  ore.  The  coarser  gravel  and  large  stones 
are  prevented  from  entering  the  trough  by  the  grating  at  the 
head ;  the  earthy  matters  are  washed  off  by  the  current  of  water 
escaping  by  the  lower  end,  which  is  left  open  for  that  purpose, 
whilst  the  gold,  mixed  with  a  small  quantity  of  ferruginous  earth, 
collects  on  the  higher  part  of  the  trough,  which  has  an  inclination 
of  about  four  inches  in  its  whole  length. 

At  this  stage  of  the  operation,  the  gold,  mixed  with  the  ferru- 
ginous particles,  is  drawn  off  through  an  iwerture  made  in  the 
bottom  into  a  pan  placed  below,  and  after  having  been  dried  in 
the  sun  the  lighter  portions  are  removed  by  strongly  blowing  on 
the  mixture.  In  spite,  however,  of  these  very  rude  contrivances, 
a  company  of  four  men  thus  employed,  have  not  imfi^uently 
realised  a  profit  of  a  hundred  dollars  per  diem. 

The  machinery  recently  put  up,  and  at  present  in  course  of 
erection  by  the  several  companies  by  whom  gold-mining  has  been 
undertaken,  includes  crushing-rollers,  stamping-mills,  jigging  ma- 
chines, sleeping  tables,  and  ^  the  other  appu^nances  of  regular 
metallurgic  establishments,  and  consequently  results  more  satis- 
factory than  those  already  obtained  may  yet  be  anticipated. 

When  gold  exists  in  vems  which  at  the  same  time  produce  other 
metals,  such  as  silver,  lead,  or  copper,  the  ore  is  at  once  treated  for 
these  metals,  with  which  the  gold  combines  to  form  an  alloy,  and 
from  which  it  is  afterwards  readily  separated.     If,  in  addition  to 
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gold,  the  mineral  also  contains  lead,  anriferons  metallic  lead  is 
obtained ;  this  is  subsequently  treated  for  the  precious  metid  by 
cupellation.  When  copper  ores  contain  gold,  either  the  black  cop- 
per obtained  by  its  metaJHui^c  treatment  is  subjected  to  liquation, 
or  the  matts  produced  by  its  direct  fusion  are  made  to  undergo  a 
process  of  amalgamation.  The  separation  of  the  gold  and  sUver 
is  afterwards  effected  by  a  process  (^edpartmgy  which  will  shortly 
be  described. 

In  the  Tyrol,  where  small  quantities  of  gold  are  extracted  by 
amalgamation  from  an  auriferous  iron  pyrites,  the  operation  is 
conducted  in  a  kind  of  mill,  of  which  fig.  217  is  a  representation. 
A  number  of  these  machines  are  so  arranged  one  above  another 
that  the  products  escaping  from  the  first  may  flow  into  the  second, 
and  so  on  throughout  the  whole  length  of  the  series.  The  pyrites 
to  be  treated  is  first  reduced  by  stamping-mills  to  the  state  of 
fine  powder,  and  whilst  held  in  suspension  by  a  stream  of  water 
is  conducted  into  the  upper  mill  by  the  spout,  8,  and  flowing 
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through  it  passes  by  the  pipe,  s',  into  the  second,  firom  which 
it  .is  subseouently  conducted  into  other  mills,  not  shown  in  the 
woodcut.  The  fixed  part  of  these  miUs  consists  of  a  cast  iron 
capsule,  abed,  fastened  by  screws  to  the  top  of  a  strong  wooden 
table,  A .  The  centre  of  this  casting  is  furnished  with  a  tubulature 
traversed  by  the  rotating  axis,  x  of,  and  set  in  motion  by  the 
toothed  wheel,  w  uf.  The  upper  and  moveable  part  of  the 
arrangement,  //,  (shown  in  section  in  the  right  hand  figure,)  is 
composed  of  hard  wood,  and  fixed  to  the  upright  spindle  by  the 
iron  collar,  g  g".  This  moveable  parfc  of  the  mill  has  externally 
the  same  form  as  the  internal  cavity  of  the  fixed  iron  casting, 
from  the  surfaces  of  which  it  works,  at  the  distance  of  about  h5f 
an  inch ;  it  is  also  furnished  with  several  raised  ribs  nailed  to  its 
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under  side,  and  which  come  almost  in  contact  with  the  bottom 
of  the  iron  pan. 

The  upper  surface  of  this  wooden  mufler  is  hollowed  out  in 
the  form  of  a  funnel,  into  which  is  conducted  the  liquid  slime, 
which  quickly  penetrates  into  the  space  remaining  between  the 
two  sur&ces  of  the  upper  and  lower  parts,  and  then  flows  over  the 
sides  of  the  basin  by  the  spout  placed  there  for  that  purpose.  On 
the  bottom  of  the  iron  pan  is  placed  about  half  a  hundred  weight 
of  mercury,  which  forms  a  stratxun  of  rather  more  than  half  an 
inch  in  thickness,  and  with  which,  when  the  machine  is  set  in 
motion,  the  pounded  mineral  is  constantly  agitated  by  the  pi^<^- 
tions  nailed  to  the  bottom  of  the  revolving  block  of  wood.  The 
spangles  of  gold  are  thus  instantly  dissolved  the  moment  they 
come  in  contact  with  the  mercury,  whilst  those  which  escape 
combination  in  the  first  amalgamation  are  arrested  by  the  others 
following  in  the  same  series.  Afber  this  apparatus  has  been  at 
work  during  four  or  five  consecutive  weeks,  the  mercury  is  dravm 
off  and  filtered  through  a  piece  of  chamois  skin,  for  the  purpose 
of  obtaining  the  solid  amalgam.  This  usually  contains  about  one- 
third  of  its  weight  of  pure  gold,  which  is  obtained  by  a  process  of 
distillation,  by  which  the  quicksilver  is  eliminated,  and  the  gold 
remains  behind  in  a  state  of  minute  division. 


EBTIMATIOK  OF  GOLD— ASSAY  OF  AUBIFEBOUS  OBES. 


L — For  analytical  purposes,  gold  is  invariably  esti- 
mated in  the  metallic  state,  in  which  form  it  is  frequently  preci- 
pitated from  its  solutions  by  the  addition  of  sulphate  of  protoxide 
of  iron.  In  order  that  this  operation  should  succeed,  it  is,  how- 
ever, important  that  the  liquor  be  acidulated  by  hydrochloric  acid 
previous  to  the  addition  of  the  salt  of  iron,  as  by  this  means  the 
peroxide  of  that  metal  formed,  and  which  would  otherwise  be 
precipitated,  is  held  in  solution.  The  presence  of  nitric  acid  also 
prevents  the  accurate  estimation  of  this  metal,  and  consequently, 
whenever  that  body  is  present  in  the  solution,  it  must  be  evapo- 
rated nearly  to  diyness,  with  the  addition  of  hydrochloric  add, 
before  the  sulphate  of  iron  is  added.  The  metal  thus  precipitated 
is  collected  on  a  filter,  and  heated  to  redness  in  a  porcehun  cru- 
cible previous  to  being  weighed.  The  separation  of  gold  from  the 
other  metals  is  sometimes  founded  on  its  insolubility  in  nitric  acid, 
and  at  others  on  its  property  of  being  precipitated  from  its  solu- 
tions by  oxalic  acid  and  sulphate  of  iron. 

When  sulphide  of  gold,  precipitated  by  a  current  of  hydro- 
sulphuric  acid,  is  heated  to  redness,  the  sulphur  is  expelled,  and 
pure  metallic  gold  remains  in  the  crucible. 
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Ammj  •£  Aw  ■!>■■■■  Ow-  Minerals  oontaining  gold  are  assayed 
in  precisely  the  same  way  as  the  corresponding  ores  of  silyer,  bat  as 
these  bodies  are  usually  very  poor,  it  becomes  necessary  to  operate 
on  a  larger  quantity  of  the  suhstance  to  be  examined.  When 
these  compounds  contain  oxide  of  lead  they  may  be  conyeniently 
fused  with  a  proper  quantity  of  black  flux :  if,  instead  of  containing 
oxide  of  lead,  they  consist  of  other  oxidised  bodies,  but  are  free 
from  this  metal,  the  assay  may  be  advantageously  conducted  by 
the  addition  of  a  mixture  of  litharge  and  black  flux ;  when  chiefij 
composed  of  siliceous  and  earthy  matters  mixed  with  rich  oxidisable 
substances,  as  mispickel,  or  iron  or  copper  pyrites,  their  fusion 
may  be  effected  by  the  use  of  litharge  only ;  and  lastly,  when 
these  suhstances  so  preponderate  as  to  yield  too  large  a  button  of 
lead  for  convenient  cupellation,  a  mixture  of  lithiuge  and  nitre 
may  be  used  with  advantage.  It  is,  however,  necessary  to  re- 
member, that  when  any  of  these  compounds  contain  sulphur,  it 
is  of  the  greatest  importance  that  the  whole  of  it  should  be  en- 
tirely removed  during  the  process  of  assaying,  as  otherwise,  and 
particularly  in  presence  of  alkaline  sulphides,  a  large  quantity  of 
the  gold  would  enter  into  combination  with  the  ^ags  in  sudi  a 
way  as  not  to  be  separated  from  them  either  by  lead  or  any  other 
metal. 

CapeDatiML — The  buttons  of  alloy  thus  obtained  are  afterwards 
cupelled,  with  the  precautions  enumerated  when  treating  of  the 
assay  of  the  alloys  of  silver,  although,  when  gold  is  the  metal  sought 
for,  the  process  is  in  a  slight  degree  varied. 

When  the  resulting  button  merely  consists  of  an  alloy  of  lead 
and  gold,  together  with  a  small  admixture  of  one  or  more  oxidis- 
ahle  metals,  its  cupellation  presents  even  less  difficulty  than  in  the 
case  of  the  alloys  of  lead  and  silver,  because  in  the  first  place 
the  resulting  button  of  gold  is  not  only  less  volatile  than  that  of 
silver,  and  consequently  may  be  exposed  to  a  greater  heat,  but 
less  loss  is  also  experienced  at  high  temperatures  by  absorption 
into  the  substance  of  the  cupel. 

When,  in  addition  to  gold  and  lead,  the  button  obtained  by  assay 
likewise  contains  copper,  it  must  be  cupelled  like  the  similar  allovs 
of  silver,  but  as  copper  possesses  a  much  greater  affiniiy  for  gold 
than  it  has  for  silver,  a  proportionately  large  addition  of  lead  must 
be  made  in  order  to  insui'e  the  production  of  a  perfectly  pure 
button  on  the  test.  This  proportion  varies  in  accordance  with  the 
composition  of  the  alloy  operated  on,  as  shown  in  the  following 
tabidar  arrangement,  which  indicates  the  total  amount  of  lead  to 
be  added  to  various  alloys  of  gold  and  copper  in  order  to  obtain 
the  former  metal  in  a  perfectly  pure  state.^ 
^  Regnault. 
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OvM  c«atBlateg  €l«ld»  C«ppcr*  and  flihrw. — ^Wben,  as  is  fre- 
quently the  case,  the  hutton  ohtained  by  the  ^sion  of  the  ores 
contains,  in  addition  to  lead,  copper,  and  ^Id,  a  certain  proportion 
of  silver,  it  mnst  be  cupelled  at  a  moderate  temperature,  and  if 
necessary  an  additional  quantity  of  silver  added.  Bj  operating  in 
this  way,  the  button  obtained  on  the  cupel  consists  of  an  alloy  of 
silver  and  gold,  which  is  afterwards  treated  by  an  excess  of  nitric 
acid :  this  effects  the  solution  of  the  silver,  and  leaves  the  gold 
untouched  in  the  form  of  a  brown  powder,  in  the  bottom  of  the 
flask  in  which  the  experiment  has  been  conducted.  In  order, 
however,  to  obtain  perfectly  exact  results,  it  is  necessary  that  a 
certain  relation  should  exist  between  the  amount  of  the  two 
metals  of  which  the  alloy  is  composed,  since  if  the  silver  be  not 
present  in  sufficient  quantity,  the  mixture  is  not  completely 
attacked  by  the  nitric  acid ;  whilst  on  the  other  hand,  when  too 
large  a  proportion  of  this  metal  is  added,  the  gold  remams  in  a 
pulverulent  form,  which  renders  its  collection  for  the  purpose  of 
weighing  extremely  difficult. 

PmiiVi — ^This  operation,  which  has  received  the  name  of  part- 
ing, is  found  to  succeed  most  perfectly  when  the  alloy  contains 
a  Httle  less  than  three  parts  of  silver  to  one  of  gold ;  and  there- 
fore, in  all  cases  where  great  exactitude  is  required,  the  addition 
of  silver  must  be  so  managed  as  to  agree  as  closely  as  possible 
with  this  proportion.  If  the  alloy  contain  less  thim  two  and  a 
half  parts  of  sHver  to  one  of  gold,  the  solution  of  the  silver  can- 
not be  completely  effected,  as  in  this  case  some  of  its  particles 
are  so  enveloped  in  gold  as  to  resist  the  action  of  the  strongest 
acid. 

The  operation  of  adding  the  proper  amount  of  silver  to  an  alloy 
to  reduce  it  to  the  right  standard  for  the  process  of  parting,  is 
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called  inquartation.  The  qtumtity  of  silver  neoessaiy  for  this  pur- 
pofle  is  estimated  in  aooordance  with  the  s^proximative  oomposi- 
tion  of  the  alloy  produced  by  direct  cupellation  of  the  buttoa 
obtained  by  assay,  which  may  be  judged  of  either  by  the  touch- 
stone, as  will  be  presently  described,  or,  in  many  instances,  by  a 
simple  inspection  of  its  colour  and  hardness. 

'tha  inquArtated  button  when  obtained,  should  be  carefully 
flattened  with  a  poUshed  hanmier  on  a  steel  anvil,  and  afterwards 
attacked  in  a  small  flask  or  large  test-tube  by  nitric  acid  of  specific 
gravity  1*15.  After  having  been  boiled  for  about  ten  minutes 
with  acid  of  this  strength,  the  liquid  is  oareMly  poured  off^  and 
the  residue  heated  to  ebullition  during  a  quarter  of  an  hour  in 
acid  of  the  specific  gravity  1*26.  At  the  eipiration  of  this  time  the 
acid  is  carefully  poured  off,  and  the  residual  gold,  after  being 
completely  washed  with  distilled  water,  is  transferred  to  a  thin 
porcelain  capsule,  from  which  the  water  is  partially  removed  by  a 
pipette,  and  the  remainder  evaporated  by  exposure  in  a  water- 
bath.  When  perfectly  freed  from  moisture,  the  pulverolent  gold 
may  be  either  weighed  directly  in  the  capsule  in  which  it  has 
been  dried,  or  be  folded  in  a  little  poor  lead  foil  and  again  passed 
to  the  cupel,  so  as  te  obtain  it  in  the  form  of  a  pure  metallic 
globule. 

Ammj  •f  AMttdBl  AJBmfm. — ^As  in  this  case  the  standard  of  the 
metal  operated  on  is  in  most  instances  approximatively  known 
without  having  recourse  to  any  preliminary  investigation,  the 
operation  usually  commences  by  fusing  the  alloy  in  a  cupel  with 
about  twice  its  weight  of  poor  lead,  and  then  adding  the  amount 
of  silver  or  fine  gold  necessary  to  bring  the  mixture  te  the  proper 
composition.  After  having  in  this  way  obtained  a  button  by 
cupellation,  it  is  first  flattened  on  an  anvil,  and  afterwards  annealed 
by  being  again  heated  te  redness  in  the  muffle,  when  it  is  drawn 
out  inte  the  form  of  a  long  strip,  by  being  repeatedly  passed 
between  the  rollers  of  a  small  flatting-milL  During  the  progress 
of  this  operation  the  metal  requires  te  be  a  second  time  annulled, 
and  when  sufficiently  reduced  in  thickness  should  represent  a 
metallic  ribbon  of  a  quarter  of  an  inch  in  width  and  two  and  a 
half  inches  in  length.  A  convenient  weight  of  alloy  te  operate  on 
is  25  grains.  In  laminating  the  cupelled  butten,  it  is,  however, 
necessary  that  it  should  be  reduced  te  a  suiteble  thickness,  so 
that  on  the  one  hand  the  silver  may  be  completely  dissolved, 
whilst  on  the  other,  if  the  lamination  be  carried  too  &r,  the  gold 
remaining  after  the  operation  will  not  possess  sufficient  coherence 
te  admit  of  its  being  conveniently  removed  and  passed  te  the 
muffle. 
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The  strip  of  alloy  thus  prepared  is  now  wound  in  the  fonn  of  a 
spiral  around  a  piece  of  glass  rod  or  the  barrel  of  a  quill-pen,  from 
which  it  is  removed  to  a  small 
glass  mattrass,  capable  of  hold- 
ing about  three  ounces  of  water, 
which,  with  the  tongs  used  for 
holding  it,  is  represented  fig. 
218.  One  and  a  half  ounce  of 
nitrio  acid  of  specific  gravity 
1*15  is  now  added,  and  the 
whole  exposed  to  the  tempera- 
ture of  ebulHtion  during  twenty  minutes,  when  the  first  liquor 
is  carefully  poured  off  and  replaced  by  the  same  quantitv  of  acid, 
having  a  specific  gravity  of  1*26 :  with  this  the  residue  is  briskly 
boiled  for  another  ten  minutes,  afber  which  it  is  poured  off  and 
the  remaining  gold  carefully  washed.  The  flask  is  now  entirely 
filled  with  dktilled  water,  and  afber  covering  the  neck  with  the 
thumb,  so  as  to  prevent  the  escape  of  any  of  the  liquid,  it  is  so 
inclined  as  to  allow  the  comet  of  spongy  gold,  which  retains 
the  form  of  the  ori^nal  alloy,  to  slowly  descend  without  break- 
ing to  the  neck  of  the  maUrass.  The  metallic  spiral  is  now 
carefiilly  placed  in  a  small  earthen  crucible,  from  which  the  water 
is  poured  off,  and  which  is  afterwards  heated  in  the  muffle  to 
bright  redness. 

In  these  estimations  it  is  of  importance  that  the  alloy  should 
not  be  immediately  attacked  by  the  stronger  acid,  as  in  this  case 
the  gold  would,  by  the  rapid  action  on  the  silver,  be  divided  in 
the  form  of  a  fiiie  powder,  whilst  if  on  the  other  hand  the  acid  of 
specific  gravity  1*15  only  were  employed,  the  whole  of  the  silver 
could  not  be  completely  separated  from  the  original  gold  sponge. 
When  the  attack  has  been  conducted  with  proper  care,  the  gold 
remains  in  the  form  of  a  friable  brown  sponge,  having  very  nearly 
the  same  dimensions  as  the  original  spiral  of  alloy:  on  heating 
this,  however,  as  before  described,  it  very  sensibly  contracts,  and 
at  the  same  time  acquires  the  colour  and  consistence  of  ordinary 
malleable  gold.  The  results  thus  obtained  differ  from  one-quarter 
to  one-half  thousandth  from  the  actual  truth,  and  are,  therefore, 
sufficiently  exact  for  every  commercial  purpose. 

DctflvmimutoB  fcy  the  TmmKhmwam. — The  methods  of  assay  aheady 
described,  although  succeeding  perfectly  for  the  determination  of 
the  value  of  bullion  and  other  unmanufactured  products,  cannot 
be  conveniently  applied  to  the  examination  of  jewellery,  which 
would  be  required  to  be  destroyed,  in  order  to  ascertain  its  com- 
position, and  consequently  a  method  is  employed  by  which  its 
standard  is  readily  determined  to  within  1  per  cent,  of  the  truth, 
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whilst  the  most  delicately  chased  article  is  in  no  waj  disfigured 
by  the  trial.  This  process  essentially  eonfldsts  in  rubbing  some 
convenient  part  of  the  object  to  be  examined  on  a  hard  i^ceoua 
stone  of  a  black  colour,  on  which  it  thus  leaves  distinct  metalfic 
traces  :  from  the  aspect  of  these  marks,  and  their  behaviour  when 
treated  with  nitric  add  or  a  weak  solution  of  aqua  regia,  the  assa jer 
judges  of  the  gold  subjected  to  examination.  The  material 
employed  for  this  purpose,  and  which  is  generally  known  by  the 
name  of  towhstone,  is  a  coarse-grained  species  of  quartz,  coloured 
by  bituminous  matter,  and  wMch  was  anciently  brought  for  this 
purpose  from  Lydia,  although  stones  of  equally  good  quality  are 
now  obtained  in  Saxony,  Bohemia,  and  numerous  other  localities. 

In  order  to  be  enabled  to  judge  of  the  value  of  an  alloy  frt>m 
the  nature  of  the  mark  left  by  it  on  the  surface  of  the  stone,  the 
assayer  is  furnished  with  a  series  of  small  bars,  or  touch-needles, 
formed  of  alloys  of  copper  and  gold,  of  which  the  composition  is 
accurately  determined. 

The  trace  left  on  the  stone  by  the  alloy  to  be  examined,  is 
successively  compared,  both  before  and  after  the  action  of  sn  acid, 
with  the  cUfferent  marks  obtained  from  these  needles,  and  it  is 
supposed  to  possess  a  similar  composition  to  the  needle  whose 
mark  agrees  most  closely  with  it  under  both  these  circumstances. 
The  acid  most  conmaonly  employed  for  this  purpose  is  nitric  acid 
of  sp.  gr.  126,  to  which  about  2  per  cent,  of  hydrochloric  acid  has 
been  added.  In  making  these  assays,  the  first  streak  obtained  on 
the  stone  cannot  be  employed  to  ascertain  the  composition  of  the 
object  examined,  as  the  surface  of  jewellery  is  invariably  rrai> 
dered,  by  the  process  of  colouring,  of  a  higher  standard  than  that 
of  the  alloy  of  which  it  is  throughout  composed.  For  this  reason, 
therefore,  the  object  must  be  pasised  once  or  twice  over  the  surfiace 
of  the  stone,  in  order  to  remove  the  superficial  coating  of  richer 
alloy,  before  making  the  streak  from  the  comparison  of  which 
with  those  of  the  needles  the  commercial  value  of  the  mixture 
is  to  be  determined.  This  method,  although  affording  much  less 
accurate  results  than  those  obtained  by  inquartation,  is  nevertheless 
for  many  purposes  sufficiently  exact. 

When,  in  addition  to  copper,  gold,  and  silver,  the  alloy  also 
contains  a  certain  proportion  of  platinum,  the  separation  by  cupd- 
lation  of  the  oxidisable  metals,  and  especially  copper,  is  rend^ied 
extremely  difficult.  In  this  case  it  is  necessary  that  the  silver 
present  should  be  at  least  double  the  united  weights  of  the  gold 
and  platinum  contained  in  the  alloy,  and  that  it  should  be  cupelled 
at  a  very  high  temperature  with  the  addition  of  large  quantitieB 
of  lead.  The  button  thus  obtained  is  afterwards  to  be  treated 
with  nitric  add  in  the  usual  way,  when  the  presence  of  so  large  a 


BXFTSISB  THE  PKEOIOUS  MXTAL8.  589 

proportion  of  silver  determines  the  solution  of  the  platinum,  whilst 
the  gold  remains  untouched  in  the  bottom  of  the  flask,  and  is 
collected  and  weighed  as  abreadj  described. 
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SCALE. 

When  the  separation  of  gold  from  silver  is  conducted  on  an 
extensive  scale,  the  use  of  nitric  add  would  be  attended  with 
considerable  expense,  and  could  therefore  only  be  resorted  to 
when  the  proportion  of  the  more  valuable  metal  is  considerable. 
This  difficulty  is,  however,  entirely  obviated  by  the  employment 
of  sulphuric  acid,  although  it  is  necessary,  in  order  that  the  alloy 
be  completely  attacked,  that  it  should  not  contain  more  than  20 
per  cent,  of  gold,  and  from  the  slight  solubility  of  sulphate  of 
copper  in  strong  sulphuric  acid  it  is  also  of  importance  that  it 
should  not  contain  much  beyond  10  per  cent,  of  copper. 

The  alloy,  after  the  additions  necessary  to  bring  it  to  about  this 
standard  have  been  made,  is  fused  either  in  large  crucibles  or  in 
a  small  reverberatory  frunace,  and  granulated  by  being  thrown, 
while  still  in  a  liquid  state,  into  vessels  containing  cold  water. 
The  granulated  mixture  is  now  placed  in  large  cast  iron  boilers, 
into  which  are  thrown  2}  times  its  weight  of  strong  sulphuric 
acid  of  sp.  gr.  1'848,  and  the  whole  is  at  once  heated  U>  ebullition 
by  a  fire  placed  beneath  the  pans.  The  quantity  of  alloy  treated 
in  each  vessel  varies  from  4  to  6  cwts.,  and  to  prevent  the  evolution 
of  noxious  ffases  into  the  laboratory,  a  leaden  dome,  connected 
with  a  well-£rawing  chimney,  is  placed  over  them  during  the  whole 
time  the  attack  is  being  made.  The  strong  sulphuric  acid  under 
these  circumstances  is  rapidly  decomposed,  sulphate  of  silver  is 
formed,  and  sulphurous  acid  gas  is  evolved ;  this,  for  the  sake  of 
economy,  is  frequentiy  conducted  into  a  sulphuric  acid  chamber, 
where  it  again  becomes  oxidised,  and  is  therefore  fitted  to  be  em- 
ployed in  a  repetition  of  the  same  process.  At  the  expiration  of 
four  hours  the  attack  is  completed,  and  at  this  stage  of  the  opera- 
tion is  added  a  certain  quantity  of  sulphuric  acid  of  the  sp.  gr. 
1*69,  obtained  by  the  concentration  of  the  acid  mother  liquors 
remaining  after  the  crystaUisation  of  the  sulphate  of  copper  pro- 
duced during  the  precipitation  of  the  metallic  silver,  as  will  pre- 
sently be  described. 

The  liquors  are  now  again  made  to  boil  during  a  few  minutes, 
when  the  fire  is  withdrawn  firom  beneath  the  pans,  and  the  liquors 
are  allowed  to  stand,  in  order  that  the  finely  divided  gold  may 
become  deposited  on  the  bottom.  When  this  has  taken  place,  and 
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the  flupernatant  liquor  has  become  nearly  dear,  it  is  drawn  off  b j 
a  syphon,  while  still  hot,  mto  leaden  evaporators  partially  filled 
widi  the  mother  liquors  remaining  from  the  crystallisation  of  the 
sulphate  of  copper.  These  are  heated  by  a  series  of  steam-pipes 
until  the  whole  of  the  sulphate  of  silver  which  at  first  &I]s  down 
is  redissolved,  when  a  forther  precipitate  of  gold  is  obtained,  and 
the  liquor  again  syphoned  into  another  series  of  evaporators,  in 
which  are  suspended  a  number  of  copper  bars,  by  which  the  silvar 
is  rapidly  precipitated  in  the  form  of  a  ciystaUine  powder.  In  the 
course  of  a  few  hours  the  last  traces  of  silver  are  by  this  means 
completely  removed,  and  the  metallic  deposit,  afber  being  carefully 
washed,  is  compressed  by  a  powerful  hydraulic  ram  into  the  form 
of  sohd  rectangular  prisms. 

These,  when  dry,  are  fused  in  lai^  earthen  crucibles,  and  cast 
into  ingots.  The  silver  thus  obtained  contains  from  three  to  five 
thousandths  of  copper. 

The  pulverulent  gold  obtained  by  this  first  attack  still  contains 
a  considerable  quantity  of  silver,  and  is  therefore  again  subjected 
to  the  action  of  strong  sulphuric  acid  in  platinum  vesssls  heated 
from  a  fire  placed  beneath. 

When  not  sufficiently  purified  by  this  second  ebullition  in 
strong  acid,  it  is  subjected  to  a  third  operation  of  a  similar  kind, 
and  forwards  fused  and  run  into  bars,  which  conmionly  contain 
about  99*5  per  cent,  of  pure  gold. 

The  solution  of  sulphate  of  copper  produced  during  the  preci- 
pitation of  the  silver  by  copper  bars  is  evaporated  in  a  shallow 
cistern  lined  with  lead,  and  heated  by  a  series  of  steam-pipes  laid 
in  zig-zag  across  the  bottom.  When  the  Hquors  have  in  this  way 
been  concentrated  to  sp.  gr.  1'4«0,  they  are  syphoned  off  into  large 
tubs  lined  with  lead  and  bound  with  copper  hoops,  as  from  the 
readiness  with  which  sulphate  of  copper  acts  on  iron,  bands  of  this 
metal  would  be  rapidly  corroded  by  any  of  the  liquor  accidentally 
spilt  over  the  sides  of  the  vessels.  After  having  been  filled,  these 
tubs  are  closely  covered  to  prevent  their  too  rapid  cooling,  and 
afber  the  expiration  of  about  five  days  the  mother  liquors  are 
drawn  off,  and  the  crystals  of  sulphate  of  copper  adhering  to  the 
sides  carefully  removed.  These  mother  liquors,  when  again  con- 
centrated, yield  a  further  supply  of  crysttdlised  salt,  after  which 
they  are  set  aside  to  be  employ^  in  place  of  sulphuric  acid  in  the 
first  stage  of  the  operation,  as  already  described. 

When  sulphate  of  copper  of  very  superior  quality  is  required, 
the  crystals  first  obtained  are  sometimes  subjected  to  a  second 
crystallisation,  but  in  the  majority  of  cases  they  are  merely  washed 
on  a  wicker  sieve,  and  after  being  allowed  to  drain  in  a  large 
leaden  cullender,  are  packed  in  strong  casks  for  the  market* 
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From  the  great  economy  with  which  this  process  is  conducted, 
and  the  present  low  price  of  stdphuric  acid,  it  admits  of  heing 
advantageously  applied  to  the  refining  of  silver  containing  0*005 
only  of  gold.  When  an  alloy  chiefly  consists  of  copper,  and  con- 
tains at  most  from  twenty  to  thirty  per  cent,  of  the  precious 
metals,  the  parting  is  not  attempted  until  a  portion  of  ^e  cop- 
per has  heen  oxidi^  hy  roasting  in  a  reverheratory  furnace. 

The  granulated  alloy,  after  having  been  thus  treated,  is  acted 
on  by  weak  sulphuric  acid,  by  which  the  oxide  of  copper  is  alone 
dissolved ;  and  when  the  mixture  has  in  this  way  been  enriched 
until  it  contains  from  50  to  60  per  cent,  of  gold  and  silver,  it  is 
subjected  to  the  usual  process  of  refining  by  strong  sulphuric  acid« 
This  method  of  enriclung  the  alloy  by  tiie  oxidation  of  its  copper 
was  first  employed  by  M.  Lebel,  the  proprietor  of  the  fac^iy 
of  Belleville,  near  Paris,  who  for  many  years  employed  it  with 
great  success :  it  was  also  for  some  tune  practised  at  Freyberg 
for  the  purpose  of  separating  the  copper  from  silver  obtained  by 
amalgamation;  but  as  the  alloy  tiiere  treated  contained  small 
quantities  of  several  other  metals  besides  copper,  the  fine  silver 
obtained  was  found  to  be  rather  brittle,  and  for  this  reason  the 
process  was  ultimately  abandoned.  Dunng  the  time  it  was  em- 
ployed, the  petal  to  be  refined  was  subjected  to  three  successive 
roastings  and  attacks,  and  in  this  way  silver  containing  only  four 
thousandths  of  impurity  was  obtained. 

ABmifm  •f  o«M. — Gold,  like  silver,  is  seldom  employed  for  the 
purposes  of  the  arts  in  a  pure  state,  but  is  alloyed  with  a  small 
quantity  either  of  silver  or  copper,  by  which  its  hardness,  as  well 
as  its  fusibility,  is  considerably  increased. 

In  this  country  the  standard  of  the  alloys  of  gold  is  calculated 
in  fractions  of  unity  expressed  in  carats.  Uni^  is  supposed  to 
be  divided  into  24,  while  each  carat  is  itself  subdivided  into  32 
thirty-secondths,  so  that  unity  may  be  considered  as  made  up  of 
768  thirty-secondths  of  a  carat. 

In  this  way  the  gold  coinage  of  England  is  said  to  have  a 
standard  of  22  carats,  or,  in  other  words,  it  consists  of  an  alloy 
in  which  in  every  24  parts  there  are  22  parts  of  fine  gold  and  2 
of  alloy.  The  common  standard  for  jewelleiy  is  18  carats,  and 
on  articles  made  of  this  allov  the  Hall  mark  of  the  Goldsmiths' 
Company  is  generally  affixecl ;  jewellery  of  a  less  standard  than 
18  carats  does  not,  however,  receive  me  mark  of  the  Company, 
and  it  therefore  not  unfirequently  happens  that  chains,  &c.,  sold 
as  gold  do  not  contain  even  fifty  per  cent,  of  that  metal. 

The  colouring,  as  it  is  called,  of  jewellery,  is  effected  by  exter- 
nally dissolving  out  the  copper  with  wluch  it  is  alloyed,  and 
thereby  exposing  a  superficial  facing  of  fine  gold.    To  produce 
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this  effect,  the  object  to  be  coloured  is  first  heated  nearly  to  i«d- 
uess  in  a  gas  jet  or  spirit  lamp,  and  then  plunged  into  -a  weak 
solution  of  nitric  acid,  by  which  the  copper  on  its  surface  is  re- 
moved. The  same  effect  is  also  produced  by  placing  for  a  few 
minutes  the  olject  to  be  coloured  in  a  paste  composed  of  a  mix- 
ture of  alum,  common  salt,  and  saltpetre.  In  this  case  ^e 
chlorine  evolved  from  the  mixture  dissolves  out  the  C(^per,  and 
leaves  the  object  with  a  sur&ce  which  is  readily  brightened  by 
polishing,  and  when  finished  presents  all  the  depth  of  colour 
possessed  by  pure  gold. 

The  gilding  of  metallic  ornaments  is  dther  performed  by 
rubbing  their  surfiioes,  rendered  perfectly  clean  by  immersion  in 
dilute  nitric  or  sulphuric  acid,  with  an  amalgam  of  gold  and  mer- 
cuiy,  and  then  expelling  the  latter  metal  by  heat,  and  subse- 
quently burnishing  down  the  deposited  gold;  or,  when  the  object 
to  be  gilt  is  entirely  composed  of  copper,  it  may  be  made  to 
receive  a  covering  of  gold  by  being  first  cleaned  and  amalgamated 
by  bein^  dipped  into  a  solution  of  nitrate  of  menntry,  and  then, 
after  bemg  carefully  washed,  placed  in  a  vessel  containing  a  boiling 
solution  of  chloride  of  gold  in  an  alkaline  carbonate.  'Hie  objects 
gilt  by  this  method  are  afterwards  coloured  by  dipping  them  into 
water  containing  a  mixture  of  nitre,  sulphate  of  zinc,  and  green 
vitriol ;  they  are  then  dried  at  a  charcoal  fire,  and  subsequently 
washed  in  clean  water.  These,  and  all  the  other  processes  by 
which  gilding  was  formerly  effected,  have,  however,  within  a  few 
years,  become  in  a  great  measure  superseded  by  the  various  pro- 
cesses of  electro-gilding,  which  consists  in  depositing  from  its  solu- 
tions by  electric  agency  a  layer  of  gold  of  any  desired  thickness. 

The  solution  most  commonly  employed  for  this  purpose  is 
cyanide  of  potassium,  containing  (^anide  of  gold ;  the  subject  to 
be  gilt  is  attached  by  a  metallic  wire  to  the  negative  pole  of  the 
arrangement,  whilst  in  connection  with  the  positive  is  a  piece  of 
pure  gold,  which  is  dissolved  in  proportion  as  the  metal  is  depo- 
sited on  the  object  to  be  gilt.  By  this  means,  therefore,  the 
thickness  of  the  coating  is  not  only  entirely  under  the  command 
of  the  operator,  but  the  strength  of  the  solution  is  also  constantly 
kept  up  at  the  expense  of  the  ingot  of  gold  in  communication 
with  the  positive  pole. 
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PLATINUM. 
Equiv.  =  98-68.     Density  =  20"98. 

Platinitm  is  a  metal  of  a  greyish- white  colour,  capable  of  receiving 
a  very  high  degree  of  polish.  When  perfectly  pure  it  is  extremely 
malleable  and  ductile,  but  the  presence  of  a  very  small  amount  of 
foreign  matter  is  sufficient  to  destroy  these  properties,  and  to 
render  it  both  dull  and  brittle.  The  tenacity  of  pure  platinum  is 
nearly  equal  to  that  of  iron,  but  ordinary  conmiercial  specimens 
almost  invariably  contain  a  certain  proportion  of  iridium,  by  the 
presence  of  which  this  property  is  considerably  impaired.  This 
metal  is  infusible  when  exposed  to  the  strongest  heat  of  a  wind 
furnace,  but  melts  before  the  flame  of  the  oxy-hydrogen  blowpipe, 
or  between  the  charcoal  poles  of  a  powei^  galvanic  battery. 
Like  iron  it  yields  to  the  hammer,  and  admits  of  being  forged 
and  welded  at  a  white  heat. 

Platinum  is  not  attacked  by  any  of  the  simple  acids.  The 
strongest  nitric,  hydrochloric,  or  sidphuric  acid  is  entirely  with- 
out action  on  this  metal,  but  when  alloyed  with  a  sufficient 
amount  of  silver  it  is  readily  dissolved  by  the  first-named  men- 
struimi.  By  aqua  regia  it  is  dissolved  with  the  formation  of  a 
bichloride  of  the  metal. 

Platinum  is  readily  attacked  by  the  caustic  alkalies  at  a  red 
heat,  and  particularly  by  Hthia,  but  is  in  no  way  affected  by  the 
alkaline  carbonates,  even  when  exposed  to  their  action  at  a  very 
elevated  temperature.  A  mixture  of  nitre  and  caustic  potash 
produces  this  effect  with  much  greater  rapidity  than  the  alkalies 
alone,  and  ordinary  laminated  platinum  is  found,  when  heated  in 
presence  of  arsenic,  sulphur,  and  phosphorus,  rapidly  to  lose  its 
malleability  and  ductility.  When  these  bodies  are  brought  at  a 
high  temperature  in  contact  with  platinum  in  a  high  state  of 
division,  combination  readily  takes  place,  and  fusible  and  extremely 
brittle  compounds  are  the  result.  A  mixture  of  silica  and  carbon 
produces  a  similar  effect  on  this  metal,  and  for  this  reason  plati- 
num crucibles  which  have  been  frequently  ignited  in  an  open  fire 
gradually  become  rough  on  the  exterior  and  quickly  lose  their 
flexibility.     For  this  reason  platinum  vessels  should  never  b^ 

QQ 
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exposed  to  the  direct  action  of  a  furnace,  but  be  enclosed  in  an 
earthen  crucible  containing  a  little  magnesia  or  caustic  lime. 

Platinum,  when  in  an  eictremely  divided  state,  possesses  certain 
remarkable  properties,  which  render  it  of  frequent  employment 
in  the  chemical  laboratory.  When  in  this  form,  it  is  known  by 
the  name  of  platinum-black,  and  has  then  the  property  of  con- 
densing to  a  most  extraordinary  extent  the  gases  in  which  it  is 
placed.  In  this  way  platinum-black,  which  has  for  some  time 
been  exposed  to  an  atmosphere  of  oxygen,  will  condense  around  it 
several  hundred  times  its  volume  of  that  gas,  and  when  brought 
into  contact  with  certain  inflammable  bodies  causes  their  instan- 
taneous ignition.  If,  for  example,  a  drop  of  absolute  alcohol  be 
let  fall  upon  a  small  lump  of  this  substance,  which  has  tbus 
been  exposed  in  the  presence  of  oxygen  gas,  it  is  at  once  in- 
flamed, and  the  whole  mass  of  the  metal  instantly  becomes 
incandescent. 

Platinum,  in  an  extreme  state  of  division,  may  be  prepared  in 
various  ways.  The  most  common  method  is  by  boiling  a  solution 
of  bichloride  of  platinum  Pt  Clj  with  carbonate  of  soda  and  sugar. 
In  this  case  a  formation  of  chloride  of  sodium  takes  place,  the 
platinum  is  precipitated  in  the  metallic  state,  and  the  oxygen 
abandoned  by  the  soda  decomposes  a  portion  of  the  sugar,  which 
is  thus  converted  into  water,  and  carbonic  acid,  which  escapes 
during  ebullition.  Platinum-black  may  also  be  made  by  dissolv- 
ing protochloride  of  platinum,  Pt  01,  in  caustic  potash,  making 
the  liquid  boil  violently,  and  gradually  adding  a  small  portion  of 
alcohol  to  the  solution.  Rapid  evolution  of  carbonic  acid  now 
takes  place,  and  the  metal  is  precipitated  in  a  state  of  extreme 
division.  The  same  result  is  likewise  obtained  by  decomposing 
sulphate  of  platinum  by  the  aid  of  heat  and  strong  alcohol.  Pla- 
tinum prepared  by  one  of  the  foregoing  processes  is  of  constant 
employment  in  eudiometrical  experiments. 

Platinum  was  not  imported  into  Europe  until  the  middle  of 
the  laat  centiu-y,  although  known  long  previous  to  that  time  in 
America  under  the  name  of  ptatina,  which  signifies  in  Spanish 
Utile  silver,  and  was  even  then,  from  the  great  difficulty  experienced 
in  working  it,  of  comparatively  little  value.  The  platinum  of 
commerce  is  never  absolutely  pure,  but  contains  a  greater  or  less 
proportion  of  iridium  and  other  metals,  by  which  its  malleabiHty 
is  considerably  impaired.  To  obtain  pure  platinum,  ordinary 
chippings  of  that  metal  are  dissolved  in  aqua  reg^  and  to  the  fil- 
tered liquor  is  added  chloride  of  potassium  as  long  as  a  yellow 
crystalline  precipitate  continues  to  be  formed.  The  precipitate, 
which  is  a  double  chloride  of  platinum  and  potassium,  is  very 
slightly  soluble  in  water,  but  contains  in  most  instances  a  small 
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portion  of  the  double  cliloride  of  iridium  and  potassium.  To  the 
precipitate  thus  obtained  is  added  about  its  own  weight  of  car- 
bonate of  potash,  and  the  mixture,  after  being  properly  incorpo- 
rated, is  heated  to  redness  in  an  earthen  crucible.  On  being  thus 
treated,  the  chloride  of  platinum  gives  up  its  chlorine  to  the  potsis- 
sium  of  the  carbonate  of  potash,  and  the  metal  itself  is  isolated, 
whilst  the  carbonic  acid,  together  with  oxygen  gas,  escapes  from 
the  crucible.  The  chloride  of  iridium  is  at  the  same  time  decom- 
posed, but  the  metal  not  being  reduced  to  the  metallic  state,  oxide 
of  iridium  remains.  The  calcined  mass  is  now  treated  with  hot 
water,  by  which  the  alkaline  salts  are  readily  removed ;  whilst 
the  metallic  residue,  after  being  properly  washed,  is  attacked  by 
dilute  aqua  regia,  which  dissolves  the  platinum,  whilst  the  oxide 
of  iridium  remains  mitouched.  Sal-ammoniac  (chloride  of  ammo- 
nium) is  now  added  to  the  platinum  solution,  by  which  the 
double  chloride  of  platinum  and  anunonium,  having  the  formula 
PtCl]  +  NH4CI,  is  formed  and  precipitated.  This,  after  being 
carefdlly  washed  in  distilled  water,  is  decomposed  by  being  heated 
to  redness,  and  the  spongy  mass  remaining  in  the  crucible  may 
readily  be  compressed  into  the  solid  form  by  being  subjected  to 
great  pressure  when  strongly  heated. 

SOTJ£C£S  OF  PLATINITM. 

This  metal  is  invariably  found  in  a  native  state,  and  occurs  in 
alluvial  deposits  similar  to  those  from  which  gold  is  obtained  .- 
the  sands  producing  platinum  are  principally  discovered  in  open 
valleys  traversing  serpentine  rocks.  It  generally  presents  the 
appearance  of  small  flattened  grains,  of  a  greyish-white  colour, 
approaching  that  of  tarnished  steel.  These  grains  are  commonly 
flattened,  and  appear  to  have  been  polished  by  friction  against 
other  hard  bodies.  Their  size  varies  from  linseed  to  that  of 
hempseed,  but  a  few  fragments  of  much  larger  dimensions  have 
occasionally  been  discovered.  One  piece  brought  from  Choco  in 
Peru,  by  Humboldt,  and  presented  to  the  Cabinet  of  Berlin, 
wej^hs  850  grains,  or  nearly  two  ounces  avoirdupois. 

The  Eoy^  Museum  of  Madrid  possesses  a  specimen  foimd 
in  1844  in  the  gold  mine  of  Condota,  in  South  America,  which 
is  as  large  as  a  turkey's  ege,  and  weighs  7,600  grains. 

A  specimen  of  this  metal  was  found  in  the  year  1827  in  the 
Ural  mountains,  not  far  from  the  Demidoff  mines,  which  weighed 
11*57  lbs.  troy.  The  largest  specimen  yet  discovered  weighs  21 
lbs.  troy,  and  is  in  the  cabinet  of  Count  Demidoff. 

The  grains  of  platimun  are  generally  far  from  pure,  and  are 
commonly  combined  with  osmium,  iridium,  palladium,  rhodium^ 
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and  rathenimn,  besides  gold,  silver,  iron,  and  copper ;  they  are 
also  frequently  associated  with  various  heavy  minerals,  such  as 
the  magnetic  oxide  of  iron,  titaniferous  iron,  chrome  iron  ore,  and 
iron  pyrites. 

Three  specimens  of  native  platinum  yielded  to  Berzelius  the 
following  results : — 

From  Colnmbu : 
in  small  gnuBfl. 

73-58 84-30 


From  the  Ural : 

in  small  grains ;  In  lai^ge  do. 

Platinum 

78-94     . 

73-58 

lihotlium 

0-86     . 

115 

Palladium 

0-28     . 

0-30 

Iridium 

4-97     . 

2-35 

Osmium 

1-96     . 

9> 

Iron 

11-04     . 

12-98 

Copper    . 

0-70     . 

230 

98-75         92-66  97-30 

This  metal  was  first  discovered  by  Ulloa,  a  Spanish  traveller,  in 
the  alluvial  deposits  of  Choco  and  Barbacoa  in  South  America. 
It  has  since  been  found  in  the  Ural  mountains,  in  the  island  of 
Borneo,  in  the  sands  of  the  Bhine,  in  those  of  the  Jocky  in  St. 
Domingo,  and  in  the  gold  regions  of  Brazil. 

The  gold-washings  in  Peru  that  furnish  most  platinum  are 
those  which  are  situated  between  the  second  and  sixth  degrees  of 
South  latitude.  Among  these  may  be  mentioned  the  mines  of 
Condota  in  the  province  of  Novita ;  those  of  Santa  Bita  in  Yiro- 
viro ;  of  Santa  Lucia,  and  the  ravines  of  Iro  and  Apoto,  between 
Novita  and  Taddo.  The  deposit  of  platinum  here  occurs  in  the 
alluvial  soil,  at  the  depth  of  about  20  feet  from  the  surface. 

The  grains  of  platin\mi  are  separated  from  gold  either  by  hand- 
picking  or  amalgamation.  From  an  apprehension  that  this  metal 
might  be  employed  for  the  purpose  of  debasing  gold,  it  was 
formerly  thrown  into  the  rivers  with  a  view  of  preventing  fraud, 
and  through  this,  large  quantities  of  this  valuable  metal  have 
been  entirely  lost.  The  platinum  grains  which  are  found  in  the 
river  Jocky,  near  the  mountains  of  Sibao,  are  extremely  brilliant, 
and  intermixed  with  a  siliceous  sand,  which  is  frequently  ferru- 
ginous. 

The  largest  proportion  of  the  platinum  at  present  used  is  ob- 
tained from  the  Ural  districts  of  Nischne,  Tagilsk,  and  Grorobla- 
godat.  It  here,  as  elsewhere,  occurs  in  alluvial  beds ;  but  the 
course  of  the  platiniferous  alluvium,which  is  extremely  productive, 
has  been  traced  for  a  considerable  extent  up  Mount  la  Martiane, 


80UBCES  OF  PLATINUM.  597 

which  consists  of  a  crystalline  rock,  from  the  disintegration  of 
which  the  sandy  deposit  is  obtained. 

Bussia  annusdly  affords  about  80  cwts.  of  this  metal,  which  is 
about  ten  times  the  amount  of  the  united  products  of  Brazil, 
Borneo,  St.  Domingo,  and  Columbia. 

The  production  of  Borneo  is  estimated  at  600  lbs.  per  annum. 


ESTIHATIOIf  OF  FLATOriTM,  AJTD  ITS  SEPABA.TION  FBOM  OTHEB 
METALS. 

This  metal  is,  for  the  purposes  of  analysis,  weighed  either  in  the 
metallic  state,  or  in  the  form  of  the  double  chloride  of  platinum 
and  anmionium,  Pt  CI4+NH4CI,  which  is  collected  on  a  filter  of 
known  weight,  and  carefully  dried  at  a  temperature  of  212**  Fahr. 

When  platinum  exists  in  a  solution  in  the  form  of  chloride,  the 
liquor  is  first  concentrated  by  evaporation,  and  subsequently  mixed 
with  about  twice  its  volume  of  pure  alcohol. 

Solution  of  chloride  of  ammonium  is  now  added  in  excess,  and 
the  liquor  again  concentrated  by  evaporation  in  a  water-bath ; 
by  this  means  the  double  chloride  is  completely  precipitated,  and 
after  being  carefully  washed  in  strong  alcohol,  is  dried,  either 
under  the  exhausted  receiver  of  an  air-pump,  or  at  a  very  moderate 
temperature  in  a  water-bath.  From  the  weight  of  double  salt 
thus  obtained,  the  per-centage  of  platinum  is  readily  deduced,  as 
every  100  paits  of  the  former  correspond  to  44*23  parts  of  metal- 
lic platinum.  Instead  of  in  this  way  deducing  by  calculation  the 
weight  of  metallic  platinum  from  that  of  the  double  salt  obtained, 
its  amount  may  be  at  once  determined  by  first  expelling  the 
ammoniacal  salts,  and  afterwards  weighing  the  metalHc  spongy 
platinum  which  remains. 

For  this  purpose  the  double  chloride  should  be  exposed  to  a  full 
red  heat  in  a  closed  porcelain  crucible,  protected  from  the  direct 
action  of  the  fire  by  being  enclosed  in  an  ordinary  earthen  pot : 
the  decomposition  of  this  salt  may  likewise  be  effected  by  the 
flame  of  a  gas-burner  or  spirit-lamp,  and  in  that  case  the  external 
crucible  of  fire-clay  must  not  be  employed.  This  decomposition  of 
the  double  salt  by  heat  requires  to  be  conducted  with  great  care, 
since  if  the  evolution  of  ammoniacal  gas  be  too  rapid,  a  notable 
amoimt  of  metaUic  platinum  will  be  carried  off  by  the  evolved 
gases.  Instead  of  using  chloride  of  ammonimn  for  the  precipi- 
tation of  the  double  salt,  chloride  of  potassitmi  may  be  employed ; 
the  double  chloride  of  platinum  and  potassium  which  is  in  this 
case  produced  is  either  dried  and  weighed,  as  when  chloride  of 
ammonium  has  been  employed,  or  decomposed,  by  heating  to 
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redness,  into  metallic  platinum  and  chloride  of  potassium.  The 
latter  is  separated  hy  solution  and  washing  in  hot  water,  and  the 
former  dried  and  weighed  in  the  metallic  state. 

The  separation  of  platinimi  from  other  metals  is  often  effected 
through  the  insoluhilitj  of  its  douhle  chlorides,  deposit«d  on  the 
addition  of  chlorine  of  ammonium,  or  chloride  of  potassium,  to 
solutions  containing  chloride  of  platinum. 

The  total  insolubility  of  this  metal  in  all  the  acids  excepting 
nitro-hydrochloric  and  others  capable  of  liberating  chlorine,  is 
another  property  which  frequently  affords  a  ready  means  of  sepa- 
rating platinum  from  other  bodies.  From  many  of  the  meteds 
platinum  is  separated  in  the  form  of  sulphide,  by  a  current  of 
sulphuretted  hydrogen  gas,  by  which  its  precipitation  even  in 
acid  solutions  is  completely  determined. 

When  platinum  is  alloyed  with  a  considerable  proportion  of 
any  metal  soluble  in  nitric  acid,  it  becomes  itself  attacked  by  that 
reagent,  and  consequently,  although  pure  platinum  is  untouched 
when  thus  treated,  many  of  its  tdloys  are  completely  soluble  in 
this  menstruum. 

From  gold,  platinum  may  be  separated  by  dissolving  the  alloy 
in  aqua  regia,  and  subsequently  precipitating  the  platinum  by- 
solution  of  sal-anmioniac,  as  above  described.  The  filtrate  from 
the  double  salt  contains  the  whole  of  the  gold,  which  may  now  be 
precipitated  in  the  metallic  state  by  the  addition  of  protosulphate 
of  iron  to  the  solution. 

The  pulverulent  gold,  after  being  thoroughly  washed,  is  dried, 
heated,  and  weighed. 

Platinum  and  silver,  when  forming  an  alloy,  may  be  separated 
by  solution  in  nitric  acid,  and  subsequently  precipitatmg  the 
silver  a^  chloride,  by  the  addition  of  an  excess  of  hydrochloric 
svcid  to  the  liquor.  If  a  large  excess  of  silver  be  present,  the 
separation  is  best  affected  by  the  use  of  sulphuric  acid,  which  dis- 
solves the  silver  and  leaves  the  platinum  in  the  metallic  form. 

An  alloy  of  gold,  platinum,  and  silver,  may  be  analysed  by 
solution  in  nitric  acid,  which  dissolves  the  silver  and  platinum, 
and  leaves  the  gold  untouched.  The  silver  is  now  separated  in 
the  form  of  chloride  by  the  addition  of  hydrochloric  acid,  and  the 
platiniun  precipitated  from  the  filtrate,  by  the  addition  of  chloride 
of  ammoniimi,  by  which  the  formation  and  precipitation  of  the 
double  platiniun  salt  is  determined. 

Platinum  and  copper  may  be  separated  by  dissolving  the  aUoy 
in  aqua  regia,  and  afterwards  precipitating  the  metallic  platinum 
by  a  bar  of  pure  copper.  The  separation  of  these  metals  is  also 
readily  obtained  by  means  of  sulphuric  acid,  by  which  the  copper 
is  dissolved,  whilst  the  platinum  remains  as  a  metallic  powder. 
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An  alloj  of  platinxim  with  gold,  silver,  and  copper,  may  be 
analysed  as  follows : — The  alloy  is  dissolved  in  aqua  regia,  and  the 
liquor  copiously  diluted  with  distilled  water.  The  solution  is  now 
separated  from  a  flocculent  precipitate  of  chloride  of  silver  by 
filtration.  The  chloride  thus  obtained  may  be  either  ^ed,  and 
its  equivalent  in  metallic  silver  determined  by  calculation,  or  it 
may  be  reduced  by  boiling  with  zinc  and  sulphuric  acid,  when  the 
deposited  silver  is  washed,  dried,  and  weighed.  The  filtrate 
obtained  from  this  precipitate  is  now  concentrated,  and  mixed 
with  an  excess  of  alcohol :  sal-ammoniac  is  subsequently  added, 
and  from  the  weight  of  the  precipitate  obtained  is  calculated  the 
amount  of  platinum  originally  present.  To  the  solution  filtered 
from  the  platinum  deposit  is  added  a  solution  of  protosulphate  of 
iron,  together  with  a  few  globules  of  metallic  mercury.  The  flask 
containing  the  mixture  is  gently  heated,  and  afterwards  briskly 
shaken,  in  order  that  the  precipitated  gold  may  become  completely 
amalgamated.  The  amalgam  thus  obtained  is  first  carefully 
washed  and  dried,  and  afterwards  heated  in  a  porcelain  crucible, 
until  the  whole  of  the  mercury  has  been  expeUed,  and  the  gold 
alone  remains  in  the  metallic  state.  The  weight  of  copper  present 
may  be  estimated  by  difference,  and  represents  the  loss  sustained 
on  deducting  from  the  total  amount  of  alloy  operated  on,  the 
united  weights  of  gold,  platinum,  and  silver  found. 

The  ores  of  platinum  cannot  be  assayed  in  the  dry  way,  and 
their  complete  analysis  is  a  long  and  difficult  operation,  which  can 
only  be  successfiilly  undertaken  by  an  experienced  chemist.  The 
commercial  assay  of  platimmi  ores  is  best  conducted  by  carefully 
performing  on  a  small  scale  the  various  operations  now  to  be 
described. 


METALLURGY  OF  PLATTNUM. 

The  platiniferous  sands  subjected  to  metallurgio  treatment, 
besides  containing  the  principal  metal  sought,  also  yields  variable 
quantities  of  the  constsmtly  associated  metals,  palladium,  osmixmi, 
iridium,  rhodium,  and  ruthenium ;  they  also  frequently  contain, 
in  addition  to  these,  gold,  silver,  iron,  and  copper,  together  with 
various  heavy  minerals,  such  as  titaniferous  and  chrome  iron 
ores. 

When  gold  is  present  in  sufficient  quantity,  the  ore  is  first 
subjected  to  amalgamation  for  the  purpose  of  its  extraction,  and 
tbe  residue,  after  a  careful  mechanical  preparation,  is  subsequently 
treated  for  the  platinum  which  it  contains.  The  mineral  thus 
concentrated  by  washing  is  attacked  by  aqua  r^a,  containing  an 
excess  of  hydrochloric  add,  in  large  green  glass  carboys,  which 
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are  heated  on  a  sand-bath  placed  under  a  lofty  chimn^,  by  which 
the  evolved  fumes  are  n^idly  carried  off.  The  aqua  regia  by 
which  the  attack  is  made,  is  always  diluted  by  a  little  distilled 
water,  as  by  this  means  a  smaller  quantity  of  iridium  is  dissolved 
than  when  the  adds  are  employed  m  an  undiluted  state,  and  when 
this  metal  is  present  even  in  small  quantity  the  platinum  pro- 
duced is  rendered  extremely  hard  and  brittle.  The  aqua  regia  is 
removed  several  times  before  the  solution  of  the  ore  is  completed, 
and  great  care  is  taken  to  avoid  the  inhalation  of  the  esc^ing 
fumes,  which,  from  the  presence  of  osmic  acid,  are  ertremely 
prejudicial  to  the  workmen.  The  solution  thus  obtained  is  now 
set  aside,  in  order  that  it  may  brighten  by  precipitation,  and  the 
clear  liquid,  after  being  drawn  off  by  a  glass  syphon,  is  treated 
with  a  solution  of  sal-anmioniac  as  long  as  a  yellow  precipitate 
is  deposited.  The  mother  Uquors  from  this  precipitate  still 
contain  a  considerable  amount  of  platinum,  together  with  variable 
quantities  of  the  other  metals  originally  present  in  the  ore ; 
these  are  precipitated  by  bars  either  of  zinc  or  iron,  by  which  a 
deposit  of  a  dark  colour  is  produced,  from  which  a  certain  amount 
of  platinum  is  obtained.  With  this  view  the  dark  deposit  is 
first  treated  with  hydrochloric  acid,  by  which  the  foreign  metals 
are  principally  dissolved,  and  the  residue  subsequently  re-attacked 
by  highly  diluted  aqua  regia,  which  readily  dissolves  the  finely 
divid^  platinum,  without  acting  in  a  sensible  degree  on  the 
iridium  which  the  mixture  contains.  Sal-ammoniac  is  now  added 
to  the  clear  solution,  and  a  second  precipitate  of  the  double 
chloride  of  platinum  and  ammoniimi  obtained. 

The  double  chloride  thus  procured  is  heated  to  dull  redness  in 
large  wrought  iron  crucibles,  and  by  this  means  the  ammoniacal 
salts  are  expelled,  whilst  metalHc  platinum  in  a  spongy  state 
remains. 

This  spongy  platinum  is  next  finely  pulverised,  by  being  rubbed 
between  the  hands,  and  afterwards  intimately  mixed  with  water, 
so  as  to  form  a  dense  black  slime.  This  is  carefully  passed 
through  sieves  of  extremely  fine  wire  gauze,  and  the  coarser  par- 
ticles which  remain  on  the  meshes  again  crushed,  and  ultimately 
made  to  pass  through  them. 

In  conducting  this  operation,  it  is  of  the  greatest  importance 
to  avoid  the  use  of  any  bard  body,  by  which  a  commencement  of 
aggregation  between  the  particles  of  metal  is  produced :  the  most 
scrupulous  cleanliness  on  the  part  of  the  workmen  is  also  neces- 
sary, to  prevent  the  introduction  of  any  extraneous  matter  into 
the  finely  divided  mass,  as  the  presence  of  a  hair,  or  any  small 
dust,  would  be  quite  sufficient  to  cause  a  serious  imperfection  in 
the  forged  platinum  produced.     For  this  purpose  the  metaUic 


METALLUBGT  OF  PLATrNFM.  601 

powder  is  separately  washed  by  decantation,  previous  to  its  con- 
solidation into  one  mass. 

The  platinum  paste  is  now  introduced  in  an  apparatus  consist- 
ing of  a  large  gun-metal  cylinder,  accurately  fitted  with  a  steel 
piston,  and  enclosed  at  the  lower  end  in  a  steel  foot-piece,  by 
which  the  escape  of  the  pasty  mass  is  effectually  prevented.  Great 
care  is  also  taken  that  the  mass  to  be  compressed  be  entirely  free 
from  air-bubbles,  and  after  first  ramming  with  a  wooden  pestle, 
the  steel  piston  is  applied.  The  water  is  thus  separated  from  the 
metallic  particles,  and  their  closer  compression  is  afterwards 
effected  in  an  hydraulic  press.  The  diiscs  of  platinum  thus 
formed  are  subsequently  heated  to  whiteness  in  earthen  crucibles, 
and  then  beaten  on  an  anvil  with  a  heavy  hammer,  until  a  per- 
fectly homogeneous  mass  has  been  obtained. 

Platinum  admits  of  being  forged  and  welded  like  wrought  iron, 
and  is  extensively  employed  in  the  manufacture  of  chemical 
instruments,  and  for  the  negative  element  in  galvanic  batteries. 
Large  platinum  vessels  are  likewise  used  by  gold  refiners,  and 
platinum  stills,  for  the  concentration  of  sulphuric  acid,  have  at  the 
present  day  almost  entirely  superseded  those  of  blown  glass. 

The  other  metals  contained  in  the  ores  of  platinum  are  seldom 
applied  to  useful  purposes,  but  palladium  is  occasionally  used  for 
making  the  divided  limbs  of  astronomical  instruments,  and  rho- 
dium and  iridimn  have  sometimes  been  employed  for  giving 
hardness  to  the  points  of  metallic  pens. 


INDEX. 


Abstrich,  in  lead-smelting,  521. 

Acicular  bismuth,  431. 

Acetic  acid,  obtained  from  fuels,  139. 

Action  of  adds  on  salts,  42. 

bases  on  sidts,  44. 

salts  on  each  other,  45,  47. 

Adit  level,  104. 

^rolites,  composition  of  several,  198 

Affinag€  au  pkit  foyer,  278. 

par  portions,  278. 

Aggregation  of  minerals,  85. 

Alfireton  furnaces,  oxygen  and  nitrogen 
collected  from,  249. 

Alkaline  flux,  fusion  of  galena  with, 
472. 

AUoyS)  or  combined  metals,  28. 

,  a  disputed  question  ooncerning 

them,  29. 

,  properdes  of,  80,  81. 

,  table  of  their  specific  gravities, 

80. 

of  copper,  879. 

of  gold,  691. 

of  silver,  661. 

Alluvial  deposits,  101. 

Alphabetic  arrangement  of  metals,  4. 

Aludelle  furnace  of  Almaden,  469. 

Aluminum,  discovery  of,  3. 

Amorphous  chrome  iron,  where  obtained, 
and  how  employed,  208. 

Ancients  acquainted  with  seven  metals, 
2. 

Angles  of  crystals,  50. 

,  how  measured,  78. 

,  modifications  of,  58. 

,  tangential  modifications  o^  56. 

Antediluvians,  the,  undcarstood  metal- 
lurgy, 1. 

Anthracite  the  oldest  fossil  fuel,  137. 

AnHnwkM  auffure,  437. 

oayd^,  436. 

Antimonial  nickel,  387. 


Antimonial  silver,  532. 
Antimony,  by  whom  discovered,  2. 

f  brittleness  of,  446. 

,  estimation  of,  437. 

,  metallurgy  of,  443. 

j  properties  of,  435. 

J  separation  of^  from  other  metals, 

&c,  437. 

,  sulphide  of,  431. 

Antimony  ores,  assay  of,  440. 

,  varieties  of,  486,  437. 

See  Ores  of  Antimony. 
Apharesite,  333. 
Apron  in  housing- frame,  290. 
Arrastras,  Mexican  crushing  mills,  556. 
Argent  amalgam^  530. 

naiif,  529. 

tul/ur^  530. 

fragile,  531. 

Argentane,  or  German  silver,  890. 
Arseniate  of  cobalt,  383. 

of  lead,  470. 

Arsenic,  by  whom  first  mentioned,  2. 

,  determination  of,  446. 

,  properties  of,  446. 

,  treatment  of,  447. 

,  uses,  448. 

Arsenical  iron  pyrites,  205. 
Arsenillo,  or  atacamite,  334. 
Ash  of  various  kinds  of  fuel,  182. 
Ash-wood  (fuel),  173. 

,  mountain  (fuel),  173. 

Ashes  of  coal,  136. 

peat  and  turf,  129. 

trees,  various,  126. 

Aspirateurs  of  trompe,  297. 
Assay  of  ores  of  antimony,  440. 
Assay  of  ores  of  bismuth,  482. 
Assay  of  copper  ores : — 

first  class,  339. 

second,  841. 

third,  345. 
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Assay  of  gold  ores,  583. 

Assay  of  iron  ores,  apparatus  for,  212. 

anvil  and  hammer,  214. 

mortar,  214. 

shield,  214. 

tin  plate,  sheet  of,  214. 

tongs,  213. 

wind  furnace,  212. 
.Vssay  of  iron,  operations  of^  214. 

examination,  preliminary,  215. 

method  pursued,  217. 

,  humid,  220. 

Assay  of  lead  ores,  471-480. 

table  for,  481. 
Assay  of  ores  of  mercury,  456. 
Assay  at  sQver  alloys  and  ores,  634 

to  540. 
Assay  of  tin  ores,  400. 
Assay  of  zinc  ores,  416. 
Assayed  iron,  how  tested,  219. 
Atacamite,  334. 
Augette,  or  shaking-table,  400. 
Australian  gold  mines,  571. 
Author,  the  first,  on  metalluigy,  2. 
Avcvron,    peculiarity    of   its    basin, 

207. 
Axes  of  crystals,  rectangular,  56. 

,  oblique,  55. 

Axotomous  arsenical  pyrites,  205. 
Azure  blue,  or  smalt,  384. 
Azurite,  331. 

Baerum  iron  works,  240,  248. 
Baked  sand,  moulding  in,  263. 
Balance,  hydrostatic,  87. 
Ballarat  gold  mines,  573 
Balls,  iron,  when  formed  into,  285. 

y  puddled,  285. 

J  compression  oi^  286. 

Bankart*s  copper  process,  868. 
Barium,  discoyery  of,  3. 
Basalts,  96. 

Basins  of  coal,  the  two  richest,  226. 
Bath  metal,  879. 
Beds,  stratified,  101. 
Beech- wood  (fuel),  173. 
Bell-metal,  composition'of,  380. 
Berezovsk  gold  mines,  567. 
Berthier  on  antimony,  444. 
Bickford's  patent  safety  fuse,  106. 
Bird-cheny  wood  (fuel),  173. 
Bismuth,  by  whom  first  described,  2. 

,  carbonate  of^  431. 

,  estimation  of,  431. 

,  metallurgy  of;  432. 


j  Bismuth,  mines  o^  at  Sdmed>eiig,  430. 

,  native,  430. 

I ,  oxide  at,  431. 

I ,  properties,  of;  429. 

i ,  separation  of;  431. 

,  sulphide  of,  430. 

Bismuth  ores,  430,  431. 

Sfe  Ores  of  Bismuth. 
Bismuth  blende,  430. 
Bwmdh  motif,  430. 
Black  flux,  fusion  of  galena  with,  476. 

Jack  (zinc  blende),  413. 

Blast  Furnace  described,  228. 

beUy,  229. 

blowing  machine,  233. 

body  or  cone,  228,  232. 

boshes,  229,  232. 

crucible,  230. 

dam-plate,  230. 
Blast  Furnace  dam-stone,  229. 

hearth,  229. 

nozzles,  233. 

pipes,  230. 

throat  or  tunnel-bole,  229. 

tuyers,  230. 

tymp,  229. 
Blast  Furnaces,  smelting  of  tin  ores 
by,  406. 

at  Erzgebiige,  407. 

,  number  of;  in  the  Umf ed  King- 
dom, 323. 
Blast,  heating  oi;  by  waste  beat,  255. 

contrivances  for  efiecting  this  pur- 
pose, 255. 

invention,  by  J.  P.  Budd,  256. 
Blast,  hot,  application  o^  246. 
•^— ,  chemical  action  of;  238. 
Ski  Carbonat,  467. 
Bleigkmzy  466. 
BkigktU,  465. 
Blekfitriol,  469. 
B£end^412. 
Blende,  bismuth,  430. 
Blistered  steel  307. 
Bloom,  or  loupe,  274. 
Blowing  machine  for  fumaoes,  233. 
Blowing  out  a  fitmaoe,  245. 
Blue,  azure,  or  smalt,  384. 

carbonate  of  copper,  331. 

i  cobalt,  or  Thenard's,  385. 

Borer,  used  in  mining,  105. 
Bottle,  spedflc  gravity,  88. 
Bottoms,  a  term  used  in  copper-smelting, 

360. 
Box  of  trompe,  297. 
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Brasque,  or  damped  charcoal,  218. 
Brass,  the  most   important   alloy  of 

copper,  379. 
Brittle  silver  ore,  531. 
Bricks,  refractory,  how  made,  187. 
Bromide  of  silver,  533. 
BwUbleierz,  469. 
Bmthqyfererz,  829. 
Butterflies  or  valves,  521. 
Buytrones,  furnaces  so  called,  459. 

Cadmia,  oxide  of  zinc  425. 

Cadmium,  discovery  of,  3. 

Cainozoic  rocks,  97. 

Caking  coal,  133,  177. 

Calamine,  413. 

Calcareous  rodcs,  96. 

Calcined  iron  ore,  analysis  of  average 
sample  of,  251. 

Calcination  of  iron  ore,  225. 

Calcining  or  improving  lead,  496. 

Calcium,  discovery  of,  3. 

Caldetraos,  576. 

Calorific  values  of  various  kinds  of 
fuels,  171. 
anthracite,  178. 
charcoal,  178. 
coal,  brown,  176. 
coals,  177. 
coke,  179. 
peat,  176. 
peat-charcoal,  178. 
wood,  176. 

Calorimeter,  the,  172. 

,  water,  of  Count  Rumford,  173. 

Cam-ring-bag,  the,  287. 

Cannon,  alloys  for,  28. 

Carbon,  action  of;  on  oxides,  22. 

contained  in  fuel,  183. 

in  steel  and  cast  iron,  determina- 
tion of,  317. 

^  xmcombined,    how  estimated  in 

pulverised  metal,  318. 

Carbonate  of  bismuth,  431. 

copper,  blue,  331. 

iron,  206. 

lead,  467. 

zinc,  413. 

Carbonisation   of  charcoal    in    heaps, 
146. 

Carburised  steel,  too   highly,  how  re- 
duced, 316. 

Camiola,  treatment  of  iron  in  the  fur- 
naces of;  303. 

Cassia  auriculata,  for  what  used,  313. 


Cast  iron,  analysis  of,  316. 

,  chemical  changes,  by  hot  and  cold 

blast,  247. 

,  colours— grey,    mottled,    and 

white,  243. 

,  second  fusion  of,  266. 

,  moulding  of;  259. 

y  Wrightson's  experiments  upon  ten 

specimens,  320. 
Cast  steel,  manufacture  o^  311. 
Castillian  fiimaoe,  513. 
Casting,  waste  in,  270. 

of  tin,  406. 

Catalan,  or  French  forge,  296. 
hammer  used  in,  298. 
water  blowing  machine  of,  296. 
Cave  of  Catalan  forge,  295. 
Cement  used  in  steel  furnace,  806. 
Cementation  of  steel,  315. 
Cerium,  first  announcement  of,  3. 
Characters  of  metals : — 
colour,  7. 
crystallisation,  9. 
density,  8. 
ductility,  10. 
elasticity,  12. 
expansion,  14. 
fusibility,  11. 
hardness,  7. 
heat,  power  of  conducting,  13. 

y  specific,  13. 

lustre,  7. 
malleability,  8. 
odour,  12. 
opacity,  7. 
sonorousness,  12. 
taste,  12, 
tenacity,  11. 
volatility,  14. 
(Carbon  Roux^  163. 

,  care  required  in  its  manufacture, 

155. 

,  saving  eflTected  by  its  use,  156. 

Charcoal,  brown,  153. 

,  peat,  or  peat  coke,  156. 

{See  Peat-charooal.) 

,  properties  of,  168. 

,  results  of  experiments  on  various 

Idnds  of  wood,  141,  151. 

,  manufwture  of;  140. 

,  carbonisation  in  heaps,  146. 

,  charring  in  ftimaoes,  149. 

y  charring  of  brown  coal,  158. 

y  preparation  in  meileis,  142. 

Charging  an  iron  fnruace,  26 
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Charging  the  trough  of  steel  famaoe, 

30C. 
Charring  process,  experiments  oi  Sau- 

vage,  154. 
Chemical  properties  of  metals,  15. 
Chemist,     metallurgic,     furnaces    for, 

484. 
Chio  of  Catalan  forge,  295. 

of  German  forge,  273. 

Chloride  of  lead,  467. 

silver,  532. 

Chlorine,  action  of,  on  oxides,  23. 

,  action  of,  on  metals,  24. 
Chromateoflead,470. 
Chrome  iron,  composition  of,  208. 

,  where  found,  208. 
Chromium,  by  whom  discovered,  2. 
Classes  of  metals : — 

first  dass:   Those  which  are  never 
used  in  an  uncombined  state,  5. 

second  class:  Those  which  may  be 
used  uncombined,  6. 
Classification  of  metals  by  Regnault, 

16. 
Classification  of  metallic  oxides,  19. 
Clausthal,  lead  furnaces  at,  515. 
Clausthalite,  465. 
Clays,  97. 

y  composition  of,  186. 

,  fire,  or  refiractory,  187. 

Cleavage  of  crystals,  50. 
Coal,  varieties  of: — 

anthracite,  137. 

brown,  130. 

lignite,  130. 

mineral  or  pit,  132. 
Coal,  where  found,  130. 

,  effects  of   several    varieties,   as 

shown  by  De  la  Beche  s  and 
Playfair's  report,  181. 

,  quantity  annually  consumed  at 

Sheffield,  323. 
,  table  showing  the  mean  compo- 
sition of,  134. 
Coal  districts  in  England,  132. 
Cobalt,  by  whom  first  mentioned,  2. 

^  arseniate  of,  383. 

,  blue,  or  ThenanVs  blue,  385. 

,  estimation  of,  383. 

,  oxide  of,  382. 

Cobalt  ores,  382,  383. 

See  Ores  of  Cobalt. 
Cobre  ores  of  copixjr,  366. 

mining  company,  368. 

Cockscomb  pyrites,  204. 


Coke  manufacture,  159. 

carbonisation  in  heaps,  160. 

coking  in  mounds,  162. 

coking  in  ovens,  163. 
Coke,  peat,  155. 
Coking-ovens  described,  163. 

I ,  charging  oC  164. 

^  cooling,  contrivances  for,  165. 

,  Cory,  Messrs.  of  Lambeth,  their 

method  <^  cooling,  166. 

J  form  of;  in  use  at  Newcastk-on- 

Tyne,  166. 

,  form  o^  at  Rive  de  Gier,  168. 

,  form  of,  in  use  in  Silesia,  167. 

,  results     of    various     proceases, 

171. 
Colcothar,  a  pigment,  204. 
Cold  short,  a  term  applied  to  iron,  321. 
Columbium,  by  whom  discovered,  2. 
Combmation  of  metals,  6,  28. 
Combustion  of  inflammable  gases  from 

tunnel-head,  heat  obtained  by,  257. 
Condurrite,  333. 

Contrevent  of  Catalan  foige,  295. 
Convolvulus  laurifolius,  leaves  of;  how 

and  when  employed,  313. 
Copper,  alloys  of,  379,  540. 

,  amalgunadon  of  matta,  55-4. 

,  amalgamation  of  roasted,   with 

mercury,  373. 

^  assay  for,  842. 

^  carbonate,  blue,  of;  331. 

,  dinoxide  of,  326. 

,  estimation  of;  334,  337. 

J  estimation  o^  by  the  wet  wav, 

348. 

^  metallurgy  o^  848. 

,  minerals  containing,  599. 

,  native,  325. 

,  oxide,  Uack,  of,  327. 

^  phosphates  of;  333. 

^  properties  of,  324. 

^  refining  of  black,  375. 

,  selenide  of,  883. 

,  separation    finom    other    metaK 

334. 

,  sulphate  o^  334. 

^  sulphide  of,  327. 

Copper  matts,  amalgamation  of  silver 

with,  at  Mansfield,  554. 
Copper  mica,  333. 

Copper  mine,   Hud  Crofly,  in  Corn- 
wall, 108. 
Copper  nickel,  386. 
Copper  ores,  classes  of,  338. 
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Copper  ores,  assay  of  first  dass,  339. 

assay  of  second  class,  341. 

assay  of  third  class,  845. 
Copper  ores,  varieties  of, 

&»  Ores  of  Copper. 
Copper  pyrites,  828. 
Copper-smeltiiig,   English  method  of, 
850. 

extra  process,  857. 

Napier's  process,  365. 

Method  of  Kivot  and  Phillips,  367. 

Bankart's  process,  368. 

Treatment  of  copper  schists  at  Mans- 
feld,  869. 
Cornwall,  productive  of  tin,  394. 

stream  works,  102. 

Condcan  furnace,  301. 

arrangements    for    the    first    stage, 
301. 

second  operation,  301. 

quality  of  iron  prepared  in,  802. 
Coruscation,  a  term  used  in  cupellation, 

484. 
Costeaning  or  shoading,  103. 
Country,  a  mining  term,  99. 
Cover,  or  hox,  used  in  washing  ores, 

121. 
Creosote,  obtamed  from  ftiel,  189. 
Cross  course,  a  mining  term,  99. 
Cross  cuts  in  mining,  105. 
Cradbles,  characters  essential  to,  188. 

,  composition  of  difierent  kinds  of 

190. 
,    ezperunents    for    ascertaining 

their  properties,  190. 

,  kinds  used  in  Engknd,  191. 

— ,  lining  of^  for  assaying  iron  ore, 
218. 

,  manufacture  of,  188. 

Crushing  in  mining,  109. 
Ciystals,  their  characteristics : — 

angles,  78. 

axes,  55. 

cleavage,  50. 

determination,  75. 

forms,  49. 
governing,  52. 
primitive  and  secondary,  52. 
primitive,    what    to    be    distin- 
guished from,  52. 

hemihednU,  54,  59. 

hexatetrahedron,  57. 

laws,  which  reduce  the  number  of 
their  ultimate  forms,  49. 

laws  of  symmetry,  53. 


Crystals,  their  characteristics :  — 

measurement,  75. 

modifications,  54. 

octahedron,  regular,  56. 

octakishexahedron,  59. 

pentagonal  dodecahedron,  60. 

prism,  right  square,  61. 

tangential  modifications  of  angles,  56. 
of  edges,  56. 

tetrahedron,  69. 

transposed,  60. 

trapezohedron,  58. 
Ciystals,  angles  of,  how  to  be  measunni, 

78. 

,  artificial,  how  obtained,  80. 

Crystalline  Systems : — 

cubic,  55. 

doubly  oblique,  70. 

rectangular  prismatic,  63. 

rhombohedral,  65. 

rhomboidal  oblique,  67. 

light  prismatic,  61. 
Crystallisation  of  metals,  49. 

tangential  modifications  of  the  aIlgle^, 
56. 

regular  octahedron,  56. 

tangential  modifications  of  the  edgeti, 
the  dodecahedron,  56. 

symmetrical    modifications    on    the 
edges — the  hexatetrahedron,  57. 
Cubic  system  of  crystals  :— 

modifications  of  the  angles  parallel 

to  the  diagomils — the  trapezohedron, 
58. 

modifications  not  parallel  to  the  dia- 
gonals— theoctakishexahedron,  59. 

hemihedral  crystals — the  tetrahedron, 
59. 

pentagonal  dodecahedron,  60. 

transposed  crystals,  60. 
Cubical  coal,  133. 
Cucurbit,  an  earthen  retort,  460. 
Cuivre  carhonaU  vert,  332. 

ffris,  380. 

oxydS  noir,  327. 

oxydttU,  826. 

panacU,  329. 

pyriteux,  328. 

wywi,  827. 

Cumberland  iron  works,  225. 
Cupel,  its  absorbing  power,  636. 
Cupellation,  483. 

Cupellation  of  lead  at  Ckustiial,  522 
Cupels,  manufacture  of,  490. 
CupoUis,  or  small  blast  furnaces,  267. 
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Cupolas,  dder  and  newer  fonna,  267. 
Cupreoiu  anglesite,  469. 
Cuproplambite,  467.  < 
Cuirenta,  action  o^  on  dlaoordant  stra- 
tification, 93. 

Oannemora  iitnif  308. 

D'Areet's  experiments  in  cnpellsticni, 

535. 
Decazeville  iron  works,  207. 
Decimal  solution  of  silver,  542. 
Density  of  iron,  192. 
Density  of  minerals,  86. 
Deposits,  alluvial,  101. 
Deposits,  mineral,  technical  tenns  used 

to  denote,  99. 
Didymium,  discovery  of,  8. 
Dimorphism  (crystallogn^ihy),  71. 
Dinoxide  of  copper,  826. 
Distillation,  dry,  of  iiiel,  138. 
— ,  results  0^  139. 
Distillation  per  descensum  (zinc),  420. 
Dolly,  a  puddling  tool,  285. 
Doubly-oblique  system  of  crystals,  70 
Ductility  of  metals,  order  of^  10. 
Dudley  coal  basin,  226. 
Dudley,  deposits  of  carbonate  of  iron 

at,  207. 
Dnfre'noysite,  467. 
Durch-brech/rischen,  278. 

Earth's  crust,  construction  of,  90. 

,  geological  division  of,  by  C^  la 

Beche,  97. 

,  original  (probable)  state,  93. 

,  temponture  otj  94. 

Kartliquakes,  theory  of,  explained,  94. 

Edges  of  cubes,   tangential  modifica- 
tions of^  56. 

,  symmetrical  modifications  of,  57. 

Eiaenchrom^  208. 

Eismglam,  199. 

EisenkaJk,  206. 

Ei»enkieiy  202. 

Eisenstem,  201. 

Electric  calamine,  418. 

Elm-wood  (fuel),  173. 

Elvan,  395. 

Erbium,  by  whom  discovered,  3. 

Erinite,  333. 

Equivalents  of  metals,  4. 

Erzgebirge,  blast  furnaces  of,  407. 

Etain  oxydi^  393. 

Etaxn  suf/uri,  394. 

Etrangulllons  of  the  trompe,  297. 


Eucairite,  526. 
Euchroite,  833. 

Expansion,  linear,  of  metals,  table  of. 
14. 

Faces  of  crystals,  50. 

Faggots  ci  blistered  steel,  how  treate'l. 

308. 
Fahlerz,  330,  348. 
Faults  or  slides,  99. 
Fer  arsemeale  oxotome,  205. 
->  carhontUl,  206. 

—  dtmrni,  208. 

—  hfdroxid^  202. 

—  digitte,  199. 

—  «^duli,  199. 

—  m^  hydrate,  201. 

—  sulJwrS,  202. 

—  «ii(/OT-^5faf!c,  204. 
Fine  metal,  279. 

J  puddling  of;  284. 

Fir-wood,  or  deal  (fuel),  174. 
Flask  or  box  for  casting,  260. 
Floss-hole  of  German  forge,  273. 
Forge,  the  Catalan,  295. 

,  German,  refining  by,  272. 

Fortwall,  99. 
FoasilifSerous  rocks,  97. 
Foundries,  ancient,  remains  of,  1. 
Fourneau  a  manche^  401,  508. 
Fourmetnu  d  piece,  802. 
Fracture  of  minerals,  85. 
Fuel,  various  kinds  ii: — 

anthracite,  187. 

coal,  130. 

peat,  127. 

turf,  127. 

wood,  122. 
Fuel,  efiiBcts  of  heat  on,  137. 
Fuels,  artificial : — 

charcoal,  140. 

^  brown,  158. 

y  peat,  165. 

coke,  159. 
Fuels,  comparative  value  of,  171. 
{See  Calorific  values.) 

y  influence  of  time  on  thieir  action, 

179. 
^  methods  for  ascertaining  the  re- 
lative values  oC;  182. 
(J3ee  Values,  relative.) 
Furnace,  blast,  228. 

,  method  of  lighting,  235. 

,  method  of  blowing  out,  245. 

Furnace  materials,  186. 
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Fnrnace  mill,  its  use,  291. 
Famaoes: — 
Alndelle,  of  Almaden,  469. 
CastiUion,  618. 
Clansthal,  616. 
Conican,  801. 
EngUah,  for  lefiniiig,  279. 
Manafeld,  869. 
Scotch,  607. 
Sflesiaii,  426. 
Furnaces  for : — 
Antimony,  446. 
Charcoal,  charring  of^  149. 
Chemieal  metaUtiiigy,  484. 
Copper,  smelting  oty  861,  864,  869, 

861,  862,  868. 

sweating  ot;  876. 
Iron  smelting,  228. 
(cast),  meltmg  of;  267. 

changing,  269. 

lighting,  268. 

lining,  268. 
Lead  Castillian  famaoe,  618. 

capeUation  for  silver,  488. 

fbdng  mattB  of,  617. 

reducing  the  sulphide  o^  616. 

smelting  of;  as  nsed  in  England, 
491. 

smelting  or&-earth,  as  nsed  in  Soot- 
land,  609. 
Lead  and  silver,  calcination  of;  496. 

refining  of;  602. 

Mercury,  treatment  of;  461,  462. 

Schists  of  Mansfeld,  869. 

Steel,  manufacture  o^  804. 

Tin,  smelting  of,  402. 

Zinc,  smelting  of,  426. 
FnstUe  state  of  the  interior  of  the  earth, 

94. 
Fusibility  of  metals,  order  of;  12. 
Fusion,  second,  of  cast  iron,  266. 

Gads,  used  in  mining,  106. 
Galena,  466. 
Galena,  assay  of; — 

first  method,  474. 

second  method,  476. 

thfad  method,  476. 

fonrth  method,  479. 
Galenas  containing  antimony,  assay  of; 

480. 

Gallery  for  intersectmg  lodes,  104. 

of  the  Palatinate,  461. 

Galleries,  timbering  o^  106. 
Gangue  or  refractory  day,  226. 

B 


Gases  issuing  from  various  furnaces, 
composition  tables  of;  240. 

tnm  tluoat  of  furnace,  method  of 

analysis  o^  248. 

from  the  throat  of  a  blast  fiunace, 

tabular  estimates  o^  248,  249. 
Gates  or  openings  in  moulds,  262. 
Gtdiegen  SUber,  629. 
Gediegen  Wismuth,  480. 
Geological  table,  by  De  la  Becbe,  97. 
Geometrical  forms    of   mineral    com- 
pounds, 49. 
G^man  chest,  the,  115. 

silver,  or  aigentane,  890. 

Gilding  process,  692. 
Gleiwitz,  fimiaces  at,  167. 
Glouoestenhira  coal-fields,  226. 
Glndnum,  discovery  of,  8. 
Gneiss,  96. 
Gold,  alloys  o^  691. 

,  assay  of  artificial  alloys  o^  686. 

,  assay  of  ores  o£f  683. 

,  cupdlsdon  of,  684. 

,  estimation  of,  683. 

.  determinatiQn  o^  by  the  touch- 
stone, 687. 

f  mechanical  treatment  o^  674. 

,  metallurgic  treatment  o^  674. 

,  parting  process,  686,  689. 

^  properties  of;  668. 

J  refining  of;  689. 

,  sources  of;  666. 

f  washing,  674. 

Gold  mhoes,  666. 

Africa,  668. 

Australia,  671. 

Brazil,  667. 

California,  670. 

Great  Britain,  669. 

Hungary,  669. 

Russia,  667. 

Siberia,  667. 

Spain,  669. 

United  SUtes,  570. 
Gold-wire  of  Lyons,  880. 
Goniometer,  the  applied,  76. 

,  WoUaston's,  77. 

Gothite,  202. 

Grain  tin,  how  prepared,  409. 

Gnmite,  96. 

Orautpieagkuerz,  487. 

Gravity,  specific.  (See  Specific  Gravity). 

Greillade,  299. 

Grey  copper  ore,  880,  348. 

Griddle,  on  which  tin  ores  are  washed* 

898. 
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Gnmpi  of  metals,  acoording  to  Bfig- 

naolt,  16. 
Gun-metal,  oompoeition  of;  880. 

Hade,  slope,  or  imderlie,  99. 
Hammer  used  in  Catalan  toTfi^  298. 
for  oompresang   paddled   balla, 

286. 

of  steel  forge,  807. 

Hammering  apparatcu  for  bupe,  276. 

for  lopins,  277. 

Hanging  wall,  99. 

Hardness  of  minerals,  86. 

Hearth,   German,   for   refining   black 

copper,  877. 

ore-,  or  Scotch  furnace,  609. 

slag-,  for  treating  lead  ores,  611. 

Heat,  efiects  of,  on  fiiel,  137. 

of  fuel,  methods  of  measuring  the 

relative  amornits  oty  172. 

^  specific,  of  metals,  table  ol^  13. 

,  waste,  fh)m  tminel-head,  256. 

,  contrivaDoes  for  the  reooveiy  and 

Implication  of,  257. 
Heat-oondncting  power  of  metals,  13. 
Heave,  a  mining  term,  100. 
Hegermiihl  brass  manaf]ictor7,  380. 
Hematite,  red,  199. 
Hemihedral  crystals,  64,  69. 
Hemitzophic  crystals,  70. 
Hexatetrahedron,  67. 
Hornbeam  (ftiel)  174. 
Hot-blast,  application  o^  246. 

f  chemical  action  of,  238. 

Housing-frames,  for  grooved  puddling, 

rollers,  289. 
Humid  assay  of  iron,  220. 
Hydraulic-pipe  press,  625. 
Hydrogen,  action  of,  on  oxides,  22. 

,  action  of;  on  metallic  chlorides,  26. 

contained  in  fuel,  183. 

Hydrostatic  balance,  87. 
Hygrometric  water  in  fuel,  182. 

Idria,  working  of  ores  of  mercury  at, 

462,  467. 
Igneous  rocks,  90. 
Iodide  of  silver,  632. 
Iridium,  discovery  of,  3. 
Iron,  action  of  acids  on,  196. 

,  characteristics  of,  192. 

,  estimation  of,  209. 

,  impurities  o^  how  removed,  192. 

,  magnetic  properties  o^  194. 

,  metallurgy  of;  224. 


Iron,  oxidation  (mst)  of;  194. 

^  principal  localities  where  i 

factored,  323. 

,  separation  of  from  other  metals, 

209. 

,  texture  of  oommenaal,  193. 

^  varieties  of: — 

meteoric,  197. 
native,  196. 
steely,  197. 

,  welding  of;  194. 

,  when  it  is  said  to  work  heavilv, 

286. 

,  wioQgfat,  mannflMTtine  o^  270. 

Iron,  cast,  analysis  of,  316. 

,  moulding  of;  269. 

^      m  used  or  baked  sand,  263. 

i      in  loam,  264. 

^  puddled,  its  quafitj,  290. 

,  sdssoTB  for  cutting,  291. 

Iron  glance,  200. 
Iron  ores,  assay  of;  212. 
apparatus,  212. 
preliminary  operatbns,  214. 
method  of  conducting,  217. 
humid  assay  of;  220. 
Iron  ores,  ansiysis  of,  221. 

f       varieties  of;  199  to  200. 

(See  Ores  of  Iran.) 
Iron  pyrites,  202. 
Isomorphism  (crystallography),  73. 

Jasper  day  iron  ore,  200. 
Jigging,  or  sieve-washmg,  112. 

Kibbles  used  in  mining,  104. 

Killas,  or  day-slate,  101. 

Kiln  for  roasting  mercurial   ores    at 

Idria,  458. 
Khm^JHschen,  278. 
Kupfergahrheerdt  376. 
Kv^ergUu,  327. 
Kupferkies,  828. 
Kvpferlazur,  331. 
Kupfemickd,  386. 
K}i^ferroik,  326. 
Kvpfenchwcaiz^  327. 

Ladles  for  meting  out  cast  iron,  269. 
Lama,  ground  silver  ore,  668. 
Lambeth,  Messrs.  Cory's  coking  frir- 

naces  at,  166. 
Lancashire  iron  works,  225. 
Landsberg,  apparatus  for  mercnrv  at, 

461. 
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Lanthanum,  disooveiy  of|  3. 

Lavas,  96. 

Lavedero,  waahing-out  vat,  559. 

Laws  of  synunetiy  of  cryBtala,  53. 

Lead  melting-pot,  265. 

Lead,  caiix>nate  of^  467. 

,  chloride  of,  466. 

^  chromate  of,  470. 

,  estimation  of,  470. 

,  manufacture,  523. 

,  metaUnigy  o^  491. 

^,  properties  o^  464. 

,  native,  465. 

,  oxide  of,  466. 

,  phosphate  o^  469. 

,  sulphate  ol^  469. 

)  sulphide  of,  466. 

^1  sq>aration  from  other  metals,  470. 

Lead  ores,  assay  oC^  47L 

,  assay  tables,  489,  490. 

,      first  class,  472. 

,      second  class,  474. 

i  estimation  of  silver  in,  483. 

i  varieties  of,  465  to  471. 
(See  Ores  of  Lead.) 
Lead-smelting,  491. 

English  process,  491. 
improving  or  calcining,  495. 
reducing  process,  506. 
refining  process,  502. 
G^erman  method,  515. 
Pattinson's  process,  498. 
Parkes's  process,  501. 
Pontgibaud,  method  at,  522. 
Scotch  process,  507. 
Leberkies,  204. 
Level,    change    of,    in    strata,    how 

caused,  92. 
Lenticular  day  iron  ore,  200. 
Libethenite,  333. 
Lighting  an  iron  fiimace,  235. 
Lignite,  varieties  of,  180. 

,  table  shoiring  the  per-centage 

composition  of^  131. 
Lime,  anhydrous,  97. 

,  hydrated,  97. 

f  sulphate  o^  97, 

,  estimation  of,  318. 

Lime-treed  wood  (fuel),  173. 
Lining  a  crucible,  218. 

a  furnace,  268. 

,  period  it  Usts,  209. 

Liquation,    a   method    of   extracting 

silver  firom  copper  sdiists,  373. 
Liquation-hearth,  its  use,  373. 


litharge,  oommerciBl,  516. 

process  of  experiments  on  fuels, 

184. 
Lithium,  by  whom  discovered,  3. 
Loam,  mouldmg  in,  264. 
Lodes,  a  mining  term,  99. 

,  modes  of  searching  for,  104. 

J  operation,  first,  after  disooven', 

104. 

,  outcrop  otf  exposed,  103. 

Lopins,  fragments  of  loupe,  276. 

,  hammer  for,  277. 

of  steel  fbmaoe,  310. 

Louchet,   an  instrument  for  cutting 

peat,  128. 
Loupe,  or  bloom,  274. 

hammering  of^  275. 

Lump  iron,  refining  of;  278. 

Magistral,  roasted  copper  pyrites,  552. 
Magnesium,  discovery  of,  3. 
Magnetic  iron  ore,  199. 

iron  pyrites,  204. 

MagneteitensUmj  199. 
Malachit,  382. 
Malachite,  332. 
Malleable  metals,  7. 

^  order  of;  10. 

Mallet,  used  in  minmg,  105. 
Manganese,  by  whom  first  obtained,  2. 

^  how  detected  in  a  hydrated  ore  of 

iron,  216. 
Manipulations  in  the  Swansea  Copper 
Smelting  EstabMmients,  351  :— 

calcination  of  ores  of  first  and  second 
classes,  351. 

melting  for  coarse  metal,  354. 

calcination   of  the    coarse    metal, 
356. 

melting  for  white  metal,  357. 

melting  for  blue  metal,  358. 

remelting  of  slags,  &c.,  359. 

roasting  for  white  metal,  360. 

Toasting  for  r^gulus,  361. 

preparation  of  crude  copper,  362. 

refiiiing  of  the  crude  copper,  368. 
Mannheim  gold,  379. 
Mansfield,  copper  schists  of;  how  treated, 

369. 
Marls  (days),  97. 
Masncot,  465. 

Massouquettes  in  Catalan  process,  20!). 
Matt  (copper),  fusion  for,  341. 
Meiler  process  for  preparing  charo(ml, 
142,  156. 


612 


IHBEX. 


Meiler,  Rnapp^s  exporimeuts  in  charring 

penti  166. 
Mercwrt  notify  461. 
Mercmre  nffiir^  462. 
Mercoiy  or  qaidorilver,  449. 

,  adolteratioa  ot,  440. 

,  oommerdal,  460. 

f  estiniAtion  <<  464. 

,  metalluigy  ciy  467. 

,  rninefi  oC;  461,  462. 

,  native,  461. 

,  propertiei,  Ac,  449. 

,  aepandoD  from  impaiitkB,  460. 

,  aolphida  at,  462. 

,  uses,  461. 

Mercniy,  ores,  assay  o^  466. 

^  varietieB  of|  461  to  464. 

(See  Ores  of  Mercury  €md  QakJcaher.) 

Merthyr-Tydvii  iron  worka,  246. 

MflKozoic  TodOj  97. 

Metal,  fine,  279. 

Metallic  iron,  ftiaion  of  galena  with,  476. 

moulds,  266. 

oxides.    (iSte  OzldBa,  Metallk.) 

salts.    (See  Salts,  Metallic.) 

Metallurgy,  its  origin  lost  in  anti<}idty,  1. 

,  Greeks  and  Romans  exceDcd  in,  1. 

,  state  of,  in  Europe  before  the  16th 

century,  1. 
Metallurgy  of  antimony,  448. 
bismuth,  432. 

process  at  Scfaneebog^  488. 
copper,  848. 

Bnj^ish  process,  860. 

Napiei's  process,  867. 

method  ofBiYot&PhiUipa,  867. 

Bankart's  process,  868. 

treatment   of    copper    sdiistB 

at  Mansfeld,  869. 

gold,  674. 

iron,  224. 

English  process,  228. 

hot  blast  ^iplication  of  the,  246. 

Catalan  or  French  process,  296. 

lead,  491. 

English  process,  491. 

Scotch  process,  607. 

German  iMocess,  616. 

mercury,  456. 

treatment  of  ores  at  Idria,  467. 

Aludelle  ftimace  of  Almaden, 

469. 

apparatus  employed  at  Lands- 

beig,  461. 
nickel,  888. 


Metallurgy  of  platinum,  699. 
saver,  647. 

Euxvpean  process,  648. 

Mexican  method,  666. 

tin,  401. 

smelting  in  revertieratory  fur- 

nace, 402. 

smelting  m  blast  fimiaoe,  406. 

sine,  419. 

Enc^  proeeas,  419. 

process  at  Yieille  Montagne, 

422. 

SOesian  method,  426 

Metals,  common,  eaify  known,  1. 

)  six,  known  in  Moses*  dajra,  1. 

,  symbolic  names  of  ancient,  2. 

,  symbols  of^  modem,  4. 

Metaia,  early  writecs  on,  or  first  dis- 
coverers of: — 

Agrioola,  Geoigius  (biamnth),  2. 

BeneCus  (cerium,  Uujrinmn),  8. 

Bnyodt  (arsenic  and  cobalt),  2. 

Ercken,  Lazarus,  2. 

Croostedt  (nickel),  2. 

Davy  (potaashmi,  aodimn,  &&),  3. 

Ddhuyart  (tungsten),  2. 

Ghan  (manganese),  2. 

Crregor  (titanimn),  2. 

Hatchett  (cohnnbium),  2. 

Hisinger  and  BeneUis  (cerium),  3. 

Ealus  (mthenfami),  8. 

Kli^roth  (uramnm),  2. 

Mosander  (didiminm,  |^0»*»inTn^ 
&c),  8. 

Miiller  and  Hidm  (teUnriom  and 
molybdenum),  2. 

Paraoelaus  (zmc),  2. 

Rose,  H.  (niobium  &  pelopinm),  3. 

Se&trom  (vanadium),  8. 

Stromeyer  (cadmium),  9. 

Svanbog  (noriom),  8. 

Tennant  (iridium  and  osmium),  8. 

Valentine,  Basil  (antimony),  2. 

Vauqoelin  (chromium),  2. 

WoUaston  (palladium  and  rho- 
dium), 2. 

Wood,  Charles  (platinnm),  2. 
Metals,  state  in  ^niiidi  they  are  found  in 

natme,  88. 
Metamoiphk  rocks,  92. 
Meteoric  iron,  composition  of  six  varie- 
ties 0^  198. 
Mill  ftirnace,  its  use,  291. 
Mineral  coal,  182. 
,  how  woiked,  182. 
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Mineral  veins,  98. 

Minerals,  physical  propertieB  of: — 

aggregation,  state  of^  85. 

density,  86. 

fracture,  86. 

hardness,  86. 

odonr,  86. 

stroctore,  83. 

taste,  86. 
Minerals,  character  of  those  from  which 

iron  is  obtained,  225. 
Minerals  containing  copper,  338. 
Mming  operations : — 

attacking  the  rock,  methods  of,  105. 

excarationa,  106. 

extraction  of  ores,  107. 

concentration  of  ores,  111. 

cmshmg,  109. 

jigging,  112. 

mechanical  preparation,  108. 

preliminary  operations,  103. 

sieve-washing,  112. 

stamping,  109. 

washing  of  ores,  lit. 
Miqnckel,  205. 

Molybdenum,  by  whom  discovered,  2. 
Monmouthshire  coal  basin,  226. 
Morteros,  stamping  miDs  in  Mexico,  556. 
Mosaic  gold,  879. 
Mouldizig  cast  iron,  259. 

in  loam,  264. 

in  green  sand,  260. 

in  used  sand,  263. 

Moulds,  metallic,  when  employed,  266. 

,  when  sunk  in  the  floor,  269. 

Mount  Alexander  gold  mines,  574. 
Mountains,  how  caused,  94. 

,  their  importance  in  geological 

inquiiies,  95. 
Mouzias  in  Algeria,  exposed  position  of 

lodes  at,  103. 
Muffle  for  cupeUation,  485. 

Kaphthaline,  obtained  tnm  fuel,  139. 
Napier's  copper  process,  365. 
Native  amalgam,  530. 

bismuth,  430. 

iron,  196. 

lead,  466. 

mercury,  451. 

silver,  529. 

Natural  steel,  300. 
Naterlich  Amalgam,  530. 
Neptunian  rock,  90. 
Neutrality  of  salts,  S3. 


Newcastle-on-Tyne,  coking  furnace  at, 

166. 

,  colliery,  the  first  opened  at,  132. 

,  fire-cUys  of  its  neighbourhood, 

187. 
Nickel,  first  shown  to  be  a  distinct 

body,  2. 

.  applications  oi;  890. 

,  estimation  of^  387. 

,  metalluigy  of;  888. 

,  properties,  &c.,  386. 

Nickel,  ores  of;  386,  387. 

l^ckel  glance,  387. 

Nickel  pyrites,  887. 

Nickel  stibine,  387. 

Nickeliferous  pyrites,  887. 

Nicking^Buddle,  118. 

Niobium,  disooveiy  o^  3. 

Nitrogen  contained  in  fuel,  184. 

Non-metallic  elements,  action  of,  on  the 

oxides,  21. 
Non-stratified  rocks,  90. 
Norium,  disooveiy  of,  3. 
Normal  solution  of  silver,  541. 
Number  of  metals,  4. 

Oak-wood  (fuel),  173. 

Obemdoif,  manuJEactoTy  of  aims  at,  1 5  7. 

Octahedral  copper  ore,  326. 

Odour  of  minerals,  86. 

Oligistic  iron,  200. 

Ore  hearth,  507. 

Ores,  concentration    and  washing    of, 

111. 

,  mineral,  extraction  of,  107, 

Ores  of  Antimony,  assay  of,  440. 

oxide  486. 

sulphide  o^  437. 
Ores  of  Bismuth,  430. 

adcular,  481. 

bismuth  blende,  430. 

carbonate  of;  431. 

native,  430. 

oxide  of;  431. 

sulphide  of;  430. 

Tetradymite,  431. 
Ores  of  Cobalt,  882. 

azseniate  of,  388. 

black  oxide  of;  382. 

Smaltme,  882. 
Ores  of  Copper,  assay  of,  838. 

black  oxide  of;  327. 

blue  carbonate  of,  831. 

Copper  pyrites,  328. 

dinoxide  of,  326. 
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()r»  of  Copper : — 

Ktey  copper  ore,  330. 

Malachite,  333. 

PhiUipaiUs  829. 

sulphide  of,  327. 
Ores  of  Gold,  assay  of^  58.S. 
Ores  of  Iron,  199. 

analyns  of,  221. 

a^ay  of,  212. 

arsenical  iron  pyrites,  205. 

axotomoos  iron  pyrites,  205. 

brown,  201. 

carlwnate  of;  206. 

chrome,  208. 

(iothite,  202. 

Iron  pyrites,  202. 

Magnetic,  199. 

Magnetic  iron  pyrites,  204. 

Pea  iron  ore,  201. 

Specular,  199. 

tungstate  of,  209. 

White  iron  pyrites,  204. 
Ores  of  Lead,  465. 

assay  of,  471,  480. 

assay,  table  for,  481,  482. 

carbonate  of,  467. 

chloride  of,  466. 

chromate  of,  470. 

native,  465. 

oxide  of,  465. 

phosphate  of,  469. 

Plombo-resinite,  470. 

sulphate  of,  469. 

sulphide  of,  466. 

treatment  of  first  class  of;  472. 

treatment  of  second  class  of,  474. 
Ores  of  Mercury,  or  Quickailyer,  451. 

assay  of,  456. 

native  quicksilver,  451. 

sulphide  of,  452. 

mines  of,  452,  453. 

treatment  at  Idria,  457. 
OitM  of  Nickel,  386. 

copper  nickel,  386. 

green  oxide  at^  387. 

nickel  pyrites,  387. 
Ores  of  Silver,  aasay  of;  534. 

amalgam,  native,  530. 

antimonial,  532. 

brittle,  531. 

bromide  of,  533. 

chloride  of;  532. 

eucauite,  532. 

iodide  of;  532. 

native,  529. 


Ores  of  Silver :  — 

polybaaite,  531. 

vitreous  sulphide  of,  530. 
Ores  ci  Tin,  393. 

analysis  oi^  899. 

assay  ot,  400. 

mechanical  prepantiiHi  ol^  394. 

oxide  oC  393. 

tin  pyrites,  394. 
Ores  of'Zmc,  41 1! 

assay  and  analysis  of;  416. 

daaws  of;  417. 

carbonate  of;  413. 

red  oxide  of,  412. 

silicate  of,  414. 

sulphate  of;  415. 

sulphide  of;  412. 
Ornaments,  metaUic,  gflding  of;  592. 
Osmium,  discovery  of,  3. 
Ovens,  charring  coal  in,  149. 

f  charring  peat  in,  167. 

^  coking  in,  163. 

(See  Coke  and  Goldng  Ovms.) 
Oxidation  of  metals,  how  detennlned,  1 7. 
Oxide  of  antimony,  436. 

WmmOi,  431. 

cobalt,  882. 

copper,  black,  327. 

of  lead,  465. 

red,  of  zinc,  412. 

tin,  393. 

Oxides,  metallic,  daasification  of,  19. 

y  preparation  o^  20. 

,  acted  on  by : — 

carbon,  22. 

chkirine,23. 

hydrogen,  22. 

sulphur,  23. 
Oxland's  patent  for  separating  wolfirun 

tnm  tin,  397. 
Oxygen  contained  in  fud,  184. 

,  metals  which  have  an  affinity 

for,  5. 

i  metals  which  have  but  a  sKgbt 

afSnity  for,  6. 

,  relative  affinities  of  metak  for,  15. 

,  action  o^  on  metallic  dikrides, 

25. 
Oxygen   and  nitrogen  ocAected  torn 
Alfieton  ftmifloe,  249. 

Paddbng,  390. 
Pacos  and  collorados,  532. 
Paddle,  a  puddling  tool,  285. 
Palttozdc  rocks,  97. 


iyi)£X. 


615 


Palladium,  by  whom  discovered.  2. 
Pan  for  gold  washing,  574. 
Paracelsna  first  wrote  of  zinc,  410. 
Paraffin  obtained  from  fuel,  ISO. 
Parkes's  process  for  desilverizing  lead, 

601. 
Parting,  a  term,  585. 
Pattern  for  moulding  in  sand,  260. 
Pattinson's  process  for  the  concentration 

of  silver  contained  in  lead,  498. 
Patio,  or  amalgamation-floor,  558. 
Pea  won  ore,  201,  225. 
Peat,  how  produced,  127. 

,  difference  between  it  and  turf,  128. 

Peat,  varieties  of,  129. 

Peat  charcoal,  or  peat  coke,  155. 

,  Meiler  process,  166. 

ovens  for  charring  in,  157. 

Pelle,  an  instrument  used  in  coking, 

165. 
Pelopium,  first  discovery  of^  3. 
Pelouze's  process  for  determining  the 

value  of  copper  ores,  885. 
Percussion  tables,  117. 
Petit  foyer,  279. 
Phillips's  analysis  of  blue  carbonate  of 

copper,  381.' 

copper  process,  867. 

Phniipsite,  329. 
Phosphate  of  lead,  269. 
Phosphides,  how  prepared,  27. 
Phosphorus,  per-oentage  of,  in  iron  ores, 
how  determined,  228. 

,  in  steel  and  cast  bon,  817. 

Picamar,  obtained  from  fuel,  189. 
Pig-iron,  modifications  of,  243. 

grey  cast  iron,  248. 

mottled  cast  iron,  248. 

white  cast  iron,  243. 
Piles  of  cut  iron,  291. 
Pmchbeck  gold,  379. 
Pit  coal,  properties  of,  by  whom  first 

discovered,  182. 
Pit  coal,  how  worked,  182. 
PitacaB,  obtamed  fhmi  fuel,  139. 
Pitch  coal,  188. 
Platinum,  its  discovery,  2^  596. 

,  estimation  of,  597. 

,  metallurgy  of,  699. 

,  properties  of,  598. 

,  separation  o^  from  other  metals, 

697, 
Platinum,  sources  of,  596. 
Plomb  earhonaU,  467. 
chlorwri^  466. 


Plowh  phosphatSy  469. 

ifu^hatS,  469. 

Plumber  solder,  627. 

Plumbo-resinite,  470. 

Plutonic  rocks,  90. 

Poelon,  an  iron  ladle,  425. 

Polybasite,  581. 

Polymorphism,  71. 

Pontgibaud,  treatment  of  lead  ores  at, 

622. 
Pontypool  iron  works,  282. 
Poplar  wood  (fuel),  174. 
Porges  of  Catalan  forge,  295. 
Porphyry,  96. 
Potassium,  discovery  of,  3. 
Pots,  working,  market,  and  temper,  in 

Pattinson's  process,  498. 
Press,  hinged,  for  puddled  balls,  287. 
Prills,  the  first  class  of  tin  ores,  898. 
Primitive  rocks,  95. 
Prince  Rupert's  metal,  379. 
Pseudo-malachite,  883. 
Pseudomorphism,  75. 
Puddling,  operation  of;  279. 

furnace,  282. 

rolls,  289. 

Pjfrite  artenicaiA,  205. 

moffneiique,  204. 

Pyrites,  arseidcal  iron,  205. 
Pyrites  azotomons  arsenical,  205. 
I^tes,  copper,  828. 
Pyrites,  iron,  203. 
Pyrites,  magnetic  iron,  204. 
Pyrites,  nickel,  387. 
I^tes,  white  iron,  204. 
Pyrometer,  Wedgwood's,  307. 
I^xylic  or  wood  spirit,  139. 

Quandel,  the  central  post  of  a  maler, 

142. 
Quecknlber,  461. 
Quicksilver,  or  mercozy,  449. 

,  mines  of^  452,  453. 

^  native,  461. 

(Ske  Mercury  and  Ores  of  Mercury.) 

Babbling,  a  tftnhnffial  term  in  copper- 
smelting,  366. 
Back,  the,  119. 

Bectangular  priamatic  system  of  crvs- 
tab,68. 
modifications  on  the  edges,  64. 
modifications  on  the  edges  of  the 

base,  64. 
modificatioiDs  on  the  angles,  64. 
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Red-Jacket  copper  worki,  868. 

Red  ochre,  200. 

Refining  iron,  En^h  method  oC;  278. 

J  Gernum,  272. 

tin,  404. 

Rctgnnnlt's  dawification  of  metals,  16. 

,  ezperimenta  on  peat,  127. 

,  process  for  testing  silver,  641. 

Regains  oi  copper,  fusion  for,  841. 
Relative  affinities  of  metals  for  oxygen, 
16. 

hardness  of  metals,  8. 

Rhodium,  by  whom  discovoed,  2. 
Rhombobedral  iron,  200. 
Rhombohedral  sytUm  of  oystala,  66. 
modifications  on  the  angles  of  the 

summits,  66. 
modifications  of  the  lateral  an^ea,  66. 
modifications    on    the   colminating 

edges,  66. 
modificationa  on  the  lateral  edges, 
66. 
Rhomboidal  oblique  system  of  crystals, 
67. 
modifications  on  the  angles,  68. 
modificationa  on  the  edges  of  the 

base,  70. 
modifications  parallel  to  the  ^iag»wi 

of  the  base,  69. 
modificationa  on  the  vertical  edges, 

69. 
hemitrophic  cryBtals,  70. 
Right  prismatic  square  system  of  crya- 
tals,  61. 
modifications  on  the  edges  of  the 

base,  62. 
modificationa  on  the  vertical  edges, 

62. 
modificationa  on  the  angLes,  62. 
Rivot's  method  for  the  estimatian  of 

tin  ores,  401. 
Rivot's  and  Phillips's  copper  process, 

867. 
Roasting-pots  in  the  amalgamation  of 

silver,  642. 
Roasted  dead,  866. 
Rock,  methods  of  attacking,  in  mining 

operations,  106. 
Rocks,  or  aggregation  of  minerals,  90. 
,  non-stratified,  Plutonic,  or  igne- 
ous, 90. 
,  stratified,  Neptunian,    or   sedi- 
mentary, 90. 
Rock,  difierent  kinds  of: — 
basaltic,  96. 


Rod^  diffieremt  kinds  of: — 

calcareous,  96. 

days,  97. 

gneiss,  96. 

granite,  96. 

lavas,  96. 

lime,  97. 

porphyry,  96. 

trachytes,  96. 
Rollers,  finishing,  292. 
Rollers,    grooved,    for    paddled   iron, 

290. 
Rolls,  paddling,  289. 
Rosettes,  plates  of  refined  copper,  376. 

^  method  of  toogfaening,  378. 

Rubin  Glimmer,  202. 
'  Rumford's  water  calorimeter,  178. 
Run  or  direction  (mining),  99. 
Russian  iron,  303. 
Ruthenium,  by  whom  discovered,  8. 

StJzBaurei  Eki  von  Mendip,  466. 
Sand  coal,  139,  177. 
Sands,  metalliferous,  methods  of  wash- 
ing, 114. 
Salts,  metallic,  how  formed,  82. 

,  action  of  adds  on,  42. 

,  action  of  bases  on,  44. 

y  action  of  salts  on  each  other,  46. 

J  action  of  salts  on  eadi  other  by 

the  dry  way,  47. 
,  action  of  saline  solaUona  on  each 

other,  46. 
y   divisions   of: — aeidf    aUBaHne, 

iMWtroZ,  88. 

,  solubility  o^  89. 

,  taste  of;  87. 

,  water  of  crystaDisalion,  37. 

ScMelmfemtgmi,  209. 

Schists,  copper,  how  treated,  369. 

Schlich,  fine  sand,  467. 

Schneebeig,  metallurgy  of  bismuth  at, 

482. 
SchwttrzffUtifferz,  631. 
Sdssors  for  cutting  paddled  iron,  291. 
Scraper,  used  in  moulding,  264. 
Secondary  rocks,  95. 
Sedimentary  nx^  90. 
Sdenium,  27. 
Sdenide  of  copper,  333. 

of  lead,  467. 

Shear  steel,  308. 

Shears  for  cutting  puddled  iron,  291. 
Sheet  iron,  manufiu;tare  o^  293. 
Sheet  lead,  manufitcture  of,  523. 
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Sheffield,  quantity  of  steel  produced, 
and  nnmber  of  ftimaces  at,  828. 

Shift,  a  term  in  lead  smelting,  498. 

Shoading,  a  Cornish  term,  103. 

Sieves,  hand,  in  mining,  112. 

Sieves,  as  used  on  the  Continent,  113. 

Sieve-washing  in  mining,  112. 

SilbergJanz^  530. 

Silesian  method  of  zino-smeldng,  426. 

fdmaoe,  427 

Smca,  estimation  'of  818. 

Smcateofzinc,415. 

SQver,  alloys  of  561. 

,  assay  of^  584. 

^     humid  way,  540. 

,  amalgamation,  European  process 

of;  548, 

^ ,  Mansfeld,  process,  554. 

y y  Mfixican  method,  556. 

,  bromide  of,  588. 

,  chloride  of;  582. 

y  concentiation    o^  in  lead  ores, 

498. 

,  iodide  o^  582. 

,  estimation  of;  588. 

y  estimation  of;  in  lead  ores,  488. 

,  metallurgy  oif,  547. 

y  properties,  528. 

,  refining  o^  602. 

,  separation  of;  588. 

Silver  ores,  529  to  588. 

,  assay  o^  588. 

(iSus  Ores  of  saver.) 

Silver  solder,  561. 

Sinter  coal,  139,  177. 

Slag-hearth,  511. 

Slate  coal,  188. 

Sleeping  tables,  115. 

Slitters,  for  cutting  smaU  iron  bars, 
294. 

Smalt  or  azure  blue,  888. 

,  manufacture  o^  884. 

Smaltine,  888. 

Smelting  of  copper,  850. 

y  English  process,  850. 

,  Napier's  process,  866. 

,  Rivot  and  Phillips's  process,  867. 

,  Brankart*s  process,  868. 

1  process  at  Mansfeld,  869. 

Smelting  of  iron  ores,  285. 

y  English  process,  228. 

,      application  of  hot  blast,  246. 

^  Catalan,  or  French  process,  295. 

Smelting  of  lead,  509. 

y  English  process,  491. 

^1  Gennan  method,  515. 


Smelting  of  tin,  402. 

,  by  reverberatoiy  furnace,  402. 

y  by  blast  fhmace,  406. 

Smelting  of  zinc,  419. 

,  English  process,  419. 

^  process  at  Yieille  Montagne,  422. 

,  Silesian  method,  426. 

Sodium,  discovery  of,  3. 

Solder,  527. 

SolubiUty  of  salts,  89. 

Solutions,  saline,  action  on  each  other, 

45,  46. 
Somersetshire  coal  fields,  226. 
South  Wales  coal  barin,  226. 
South  Wales  iron  works,  285. 
aparkiu,  204. 
Spathoee  iron  ores,  215. 
Specific  gravity  of  brown  coal,  181. 

of  chazooal,  152. 

of  the  principal  metals,  9. 

of  minerals,  86. 

of  woods,  various,  124. 

Specific  gravity  botUe,  88. 

Specific  gravity,  how  to  determine,  87. 

Specular  iron,  199. 

Speiss  (smalt  or  azure  blue),  884. 

Splint  coal,  188. 

Stamping  in  mining,  109. 

Statues,  bronze,  allo}^  for,  29. 

Steam  navy,  report  on  the  effiscts  of 

various  coals  suited  to,  181. 
Sted,  analysis  o£,  316. 

)  detenfination  carbon,  817. 

y     phosphorus,  817. 

,      sulphur,  817. 

y  manufiK^ture  of;  804. 

)  tempering  of;  809. 

Steel,  blistered,  manufacture  of;  807. 
Sted,  cast,  manufacture  of;  811. 
Steel,  Indian,  manufkctnre  of;  812. 
Steel,  natural,  manufiscture  of,  809. 
Sted,  shear,  808. 
Stedy  iron,  as  prepared  by  the  Catalan 

method,  811. 
Stodart  and  Faraday's  experiments  on 

sted,  815. 
Stophig  end  rise,  in  mining,  108. 
Strata  of  the  earth's  crust,  90. 

distorted,  91. 

influenced  by  currents,  92. 

Stratification,  discordant,  91. 
Stratified  beds,  101. 

,  rocks,  90, 

Stresining  and  stream-work,  102. 
Stream-works  for  extracting  thi,  898. 
StihigB  and  threads,  99. 
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Stioiitiiiinf  diacovery  of,  3. 
Stracton  of  minenda,  88. 
Stvcko/en,  802. 
Sulphate  of  copper,  884. 

lead,  469. 

sine,  416. 

Sulphides  8ynon3niiotu  with  solphaietfi, 
26. 

^  how  prepared,  26. 

Sulphide  of  andmony,  487. 

bismuth,  480. 

copper,  827,  849. 

lead,  466. 

mercmy,  462. 

zinc,  412. 

Sulphur,  action  of,  on  oxides,  28. 
,  combination  ni,  with  the  metals, 

26. 

in  fuel,  how  determined,  183. 

in  steel  and  cast  iron,  817. 

Sulphurets.  (See  Sulphides.) 
Swansea  smelting  works,  860. 
,  classes  of  copper  minerals  tieated 

therein,  860. 

^  copper  processes  pursued,  861. 

Sweating,  fint  stage  of  chairing,  144. 
Sweating  furnace  for  copper,  876. 
Swedish  iron,  808. 
Sycamore  wood  (fuel),  178. 
Symbols  of  names  of  metak,  4. 
Symmetry  of  crystals,  laws  ol^  63. 

Tables  showing  the  weight  of  silver  to 
the  ton  of  lead  ore,  &c.  489,  490. 

Tackle  used  in  mining,  104. 

Tamping,  or  soft  schist,  106. 

Tapping  for  removing  liquid  metal, 
242. 

Tar  obtained  from  coal  distillation,  167. 

Taste  of  minerals,  86. 

of  salts,  87. 

Technical  terms  of  mineral  deposits,  99. 

Teller  silver,  664. 

Tellurium,  by  whom  discovered,  2. 

Temperature  of  the  earth,  94. 

Tempering  of  steel,  816. 

Terbium,  discovery  ot^  3. 

Tertiary  rocks,  96". 

Tetrahedron,  69. 

Tetradymite,  431. 

Thenard's  or  cobalt  blue,  386. 

Theoretical  eflFects  of  fuel,  172. 

Thorium,  discovery  o^  3. 

Thrombolite,  833. 

Tat  hammer  in  steel  forge,  307. 


Timbering  of  a  gaDeiy,  106l 
Tin,  properties  St,  891. 

,  block,  406. 

,  estimation  oi;  398. 

,  grain,  408. 

,  metallurgy  o^  401. 

,  mines,  394,  396. 

,  oxide  oi;  893, 

y  preparation  oC;  394. 

,  refining  of;  402. 

,  separation  from  other  metals, 

,  smelting,  402. 

,      reverfoeratory  ftamaoe,  402. 

1      blast  furnace,  406. 

Tin  ores,  analysis  of;  399. 

assay  of,  400. 

purification  o^  408. 

varieties  of;  893,  894. 

(iSteOiesofTin.) 
Tic  pyrites,  394. 

Titanium,  by  whom  discovered,  2. 
Tongs  used  in  cupellatun,  485. 
Tortaa,  circular  patdies  of  silver  ore, 

668. 
Tossing,  an  operation  so  called,  405. 
Toesing-tubs,  for  washing  tin  ores,  39& 
Trachytes,  96. 
Transition  rod:s,  95. 
Trompe  of  Catalan  foige,  296. 
Trough  of  steel  furnace,  304. 
Trunks  for  washing  tin  ores,  396. 
Tungstate  of  iron,  209. 
Tungsten,  by  whom  discovered,  2. 
Turf  and  peat,  127. 

,  ashes  fix>m  various  kinds,  129. 

,    Begnault*8    experiments,    129. 

Tutenague,  390. 

Tuyeres  of  blast  furnace,  280,  232. 

,  of  German  forge,  272. 

,  of  what  composed,  273. 

f  heating  apparatus  attached  to, 

264. 
Type,  printers*,  alloy  for,  29. 
Tyrol  gold  mill,  582. 

Uralian  gold  mines,  577. 

,  washing  apparatus  at,  578. 

Values,  relative,  of  fuels,  ascertained 
by  their  amounts  of: — 
ash,  182. 
carbon,  183. 
hydrogen,  183. 
nitrogen,  184. 
oxygen,  184. 
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ValueB,  relative  of;  fbeto : — 

galphur,  183. 

water,  hygrometric,  182. 
Yanadianif  disoovery  otf  3. 
Yauquelin's  analysiB  oif  the  oxide  of 

antimony,  486. 
Vegetate,  a  term  nsed  in  cupellation, 

486. 
Veins,  mineral,  98. 

,  disdoeed  by  the  action  of  water, 

103. 
Vickerhagen  iron  works,  248. 
Vieille  Montagne,  the,  preparation  of 

smc  at,  422. 
Vitreous  copper,  827. 
Vitreous  sulphide  of  silver,  530. 
Volcanic  eruptions  aooounted  for,  94. 

Ulverstone  charcoal  iron,  803. 
Uranium,  discovery  of^  2. 

Washing  apparatus  for  ores : — 

German  chest,  115. 

niddng-bttddle,  118. 

percussion  table,  117. 

rack,  119. 

sleeping  Uble,  115. 
Water  in  different  sorts  of  wood,  122. 
Water  blowing  machine,  296. 
Wedgeword's  pyrometer,  307. 
Weigqfksgkuerz,  436. 
Wet  way,  assay  of  sulphates  of  copper 

by,  344. 

J  estimation  of  copper  by,  848. 

^  estimation  of  iron  b}',  220. 

Whim,  or  gin,  in  mining,  105. 
White  iron  pyrites,  204. 
White  lead,  468. 
White  nickel,  387. 
Wmze,  in  mining,  105. 
Wipe-stick  used  in  mining,  106. 
Wire,  gold,  of  Lyons,  380. 
Wolfrmn,  used  in  the  manufacture  of  a 
pigment,  209. 

,     associated    with    Ck)miflh    tin, 

397. 
•> — ,      separation  effected  according  to 

Oxland>  patent,  397. 
Wood,  bituminous,  130. 


Wood,  experiments  in  making  charcoal, 

fh>m  diffisrent  kinds,  152. 
Woods,  various,  used  for  fuel : — 

ashes  after  combustion,  126. 

component  parts  of,  122 
Woods,  various  for  fuel : — 

results  of  Schodler's  and  Petersen's 
analysis  o^  125. 
Woods,  specific  gravity  o^  124. 
Wootz,  or  Indian  steel,  312. 
Work,  a  technical  term,  114,  395. 

Yellow  ochre,  202. 

Ystalyfen  iron  works,  256,  257. 

Yttrium,  disooveiy  of,  3. 

Zacatecas,  amalgamation  of  silver  at, 

558. 
2inJatpaihy  413. 
Zinnkies,  394. 
Zinnober,  452. 
Zumttemj  398. 
Zirconium,  discovery  of,  3. 
Zinc,  by  whom  first  mentioned,  2,  410. 

,  carbonate,  413. 

,  estimation  of;  415. 

,  metallurgy  of,  419. 

,  oxide,  rod,  of;  412. 

,   preparation   o^   at  the  Vieille 

Montague,  422. 

»  properties  of;  410. 

,  separation  of;  from  other  metals, 

415. 

,  silicate  of;  414. 

,  smelting  of,  English  process,  419. 

,      Silesian  method,  426. 

,  sulphate  of,  415. 

,  sulphide  of,  412. 

Zinc  ores,  analysis  of,  418. 

,  varieties  of,  412—415. 

(See  Ores  of  Zinc.) 
Zinc  white,  manufacture  of,  409r 
Zinc  works,  in  England,  419. 
Zinc  carbontUi,  413. 
Zinc  oxyd^farrifh't^  412. 
Zinc  oxydi  sUicifere^  414. 
Zinc  stUfur^j  412. 
Ziniglaa,  414. 
Zvihoxyd,  412. 
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